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BANFF/99 PIPELINE WORKSHOP
Managing Pipeline Integrity — Technologies for the New Millennium
Tutorials: Monday, April 12, 1999
Max Bell Building

9:00 - 4:30  In-Line Inspection
Max Bell Part1 - 9:00 - 12:00
Auditorium  ILI tool selection, defect assessment and interaction criteria, coordination of ILI

programs, and the use of low-resolution vs. high-resolution ILI technology from

the operator’s perspective.

Introduction of Case Histories Arti Bhatia

Trans Mountain Pipe Line Inc. Greg Toth

Enbridge Pipelines Inc. Arti Bhatia

TransCanada PipeLines Blaine Ashworth/Reena Sahney
Pipeline Integrity Intemational Inc. Patrick Vieth

Part 2 -1:30 - 4:30
ILI vendors will present the current technologies available and the rationale for
use of specific tools for various pipeline inspection applications.

BJ Pipeline Inspection Services David Hektner
Pipeline Integrity International Inc. Keith Grimes
Pipetronix Limited Neb Uzelac
Tuboscope Vetco Pipeline Services Patrick Porter

9:00-4:30 Risk Assessment/Risk Management

Room 253 lan Dowsett, Conor Pacific, and Mark Stephens, C-FER Technologies Inc.
This tutorial will outline how quantitative risk analysis (QRA) can assist deciston-
makers with decisions about pipeline risks. The principal areas addressed include:
® The risk management process,
® Examples of risk analysis and risk assessment of pipeline systems, and
® Discussion of risk analysis and risk assessment within an overall risk

management context.

Individual topics covered include: Definitions and terminology, the goals and
objectives of risk management, hazard identification, consequence analysis,
frequency analysis, risk estimation (with implications for linear systems) and risk

acceptability.
9:00 - 12:00 Application of GIS Technologies to Integrity Management
Room 252  Overview of Technology Bruce Dupuis, Integrated Integrity Inc.
Case studies by operating companies Amoco Canada Donald Powell
Foothills Pipe Lines Ltd. Kyle Keith
TCPL Martin Cairns
1:30-4:30  Database Development, Maintenance and Use
Room 251  Introduction Keith Leewis, GRI, and Bruce Dupuus,
Integrated Integrity Inc.
What You Should Know about Databases John Wester, Net Shepherd
CEPA Database Bruce Dupuis, Integrated Integrity Inc.
PRASC Database Wayne Feil, Imperial Oil

Data Models, ISAT and POD Keith Leewis, GRI



3
Tuesday, April 13, 1999

Max Bell Building

Plenary Session - Max Bell Auditorium

9:30
9:45

10:20

10:40

10:55

11:10

11:35

11:50

11:55

12:00

12:05

1:15

2:45

3:30

5:00

Workshop Opening, Larry Drader, AEC Pipelines
Technologies for the New Millennium

Scott Rowland, IBM Canada Ltd.

CEPA Integrity Management Plan

Richmond Graham, TransGas Limited

Break/Individual Contact Meetings

Pipeline Risk Assessment Steering Committee (PRASC) Database
Ian Fraser, Imperial Oil Resources Limited

A New MFL In-Line Tool to Detect Longitudinal Cracks
Frangois Jacquiot and Patrick Viltart, TRAPIL, Paris, France
Land Use Planning/Encroachment and Abandonment
Ian Scott, CAPP

International Pipeline Conference 2000 (IPC 2000)
Robert Hill, Canadian Energy Pipeline Association
Presentation of Plaques

Introduction of Facilitators

Doug Macdonald, SNC Lavalin Engineers & Constructors

Lunch

Working Groups: Session A

Working Group 1:  Construction, Repair, Maintenance, and Geotechnical
Working Group 2:  Stress-Corrosion Cracking

Working Group 4A: Risk Assessment/Risk Management -- General

Break/Individual Contact Meetings

Working Groups: Session B

Working Group 1:  Construction, Repair, Maintenance, and Geotechnical
Working Group 2:  Stress-Corrosion Cracking

Working Group 4A: Risk Assessment/Risk Management -- General

Adjournment for the Day



8:15

9:45

10:30

12:00

1:15

2:45

3:30

5:00

6:30

Working Groups:
Working Group 1:
Working Group 4D:
Working Group 5:

Working Group 7:
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Wednesday, April 14, 1999

Session C
Construction, Repair, Maintenance, and Geotechnical

Risk Assessment/Risk Management -- Communications, Public

Consultation, and Planning

Information Management: Database Development,
Maintenance, and Use

External Corrosion

Break/Individual Contact Meetings

Working Groups:
Working Group 4D:

Working Group 5:
Working Group 7:
Lunch

Working Groups:
Working Group 3:
Working Group 4B:

Working Group 4C:
Working Group 6:

Session D

Risk Assessment/Risk Management -- Communications, Public

Consultation, and Planning

Information Management: Database Development,
Maintenance, and Use

External Corrosion

Session E

Coatings

Risk Management/Internal Corrosion -- Producers
Risk Assessment/Risk Management -- Transmission
In-Line Inspection

Break/Individual Contact Meetings

Working Groups: Session F

Working Group 3:  Coatings

Working Group 4C: Risk Assessment/Risk Management - Transmission
Working Group 6:  In-Line Inspection

Adjournment for the Day

Reception



8:15 Working Groups:

9:30

9:45

10:00

10:15

10:30

10:45

11:00

11:15

11:30

11:45

12:00

12:15

12:25

12:30

Working Group 1:
Working Group 2:
Working Group 3:

Working Group 4A:

Working Group 4B:
Working Group 4C:

Working Group 4D:

Working Group 5:

Working Group 6:
Working Group 7:

Plenary Session
Working Group 1:

Working Group 2:

Working Group 3:
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Thursday, April 15, 1999
Session G
Construction, Repair, Maintenance, and Geotechnical
Stress-Corrosion Cracking
Coatings
Risk Assessment/Risk Management -- General
Risk Management/Internal Corrosion -- Producers
Risk Assessment/Risk Management -- Transmission
Risk Assessment/Risk Management -- Communications, Public
Consultation, and Planning
Information Management: Database Development,
Maintenance, and Use
In-Line Inspection
External Corrosion

Max Bell Auditorium
Co-Chairs' Report and Discussion

Co-Chairs' Report and Discussion

Co-Chairs' Report and Discussion

Break/Individual Contact Meetings

Working Group 4A:
Working Group 4B:
Working Group 4C:
Working Group 4D:
Working Group 5:
Working Group 6:

Working Group 7:

Co-Chairs’ Report and Discussion
Co-Chairs' Report and Discussion
Co-Chairs' Report and Discussion
Co-Chairs' Report and Discussion
Co-Chairs' Report and Discussion
Co-Chairs' Report and Discussion

Co-Chairs' Report and Discussion

Workshop Wrap-Up, Distribution of Proceedings

Workshop Adjournment

Lunch



Working Groups and Co-Chairs:

Working Group 1:
Co-Chairs:

Working Group 2:
Co-Chairs:

Working Group 3:
Co-Chatrs:

Working Group 4A:

Co-Chairs:

Working Group 4B:

Co-Chairs:

Working Group 4C:

Co-Chairs:

Working Group 4D:

Co-Chairs:
Working Group 5:
Co-Chairs:

Working Group 6:
Co-Chairs:

Waorking Group 7:
Co-Chairs:

Construction, Repair, Maintenance and Geotechnical
Reynold Hinger (TMPL), Paul Wong (Skystone Engineering)

Stress-Corrosion Cracking
Martyn Wilmott (Bredero Price), Blair Carroll (Enbridge)

Coatings
John Baron (Shell), Matt Cetiner (Anteris Corrosion)

Risk Assessment/Risk Management -- General
lan Dowsett (Conor Pacific), Mark Stephens (C-FER)

Risk Management/Internal Corrosion - Producers
Dave Kopperson (PanCanadian), Karol Szklarz (Shell)

Risk Assessment/Risk Management — Transmission
Kevin Cicansky (TCPL), Glenn Yuen (Dynamic Risk Assessment)

Risk Assessment/Risk Management -- Communications, Public
Consultation, and Plapning
Dave DeGagné (AEUB), Terry Gibson (Gecko)

Information Management: Database Development, Maintenance and
Use
Keith Leewis (GRI), Bruce Dupuis (Integrated Integrity)

In-Line Inspection
Arti Bhatia (Enbridge), Bruce Lawson (Westcoast)

External Corrosion
Susan Miller (Enbridge), Bob Worthingham (TCPL)



Banff99 PipelineWorkshop In-Line Tutorial

In-Line Inspection Tutorial
Bryan Scott and Arti Bbatia, Enbridge Pipelines Inc.

The tutorial was divided into two segments. The first segment dealt with In-Line
Inspection (ILI) tool selection, defect assessment and interaction criteria, coordination of
ILI programs, and the use of low-resolution vs. high-resolution ILI technolo gy from an
operator’s perspective. The presentation summaries are as follows:

Trans Mountain Pipe Line Inc.

Title: Standard Resolution to High Resolution ILI Transition -
An Operator’s Perspective
Presenter: Greg Toth

The presentation dealt with the difficulties of an operator moving from the use of low
resolution ILI technology to high resolution inspection technology. The presentation
identified the difficulties with physically launching and receiving the longer inspection
tools; however the main focus appeared to be the volume of data received, the analysis
and prioritization of the information.

Enbridge Pipelines Inc.

Title: The Use of In-Line Inspection Technology as an Integral Part of
Integrity Management at Enbridge Pipelines Inc.
Presenter: Arti Bhatia

The focus of this presentation was the use of in-line inspection data as a method for
performing dynamic analysis of repeat sections with high resolution data. The
presentation also emphasized the need for proper cormmunication with ILI vendors in .
order to obtain the information most useful to the operator for long term strategic
integrity management.

TransCanada Pipelines (TCPL)

Title: TransCanada Pipelines MFL In-Line Inspection Program
Presenter: Reena Sahney - TCPL

Blaine Ashworth — TCPL

Patrick Vieth - Pipeline Integrity International

The presentation provided a company overview identifying the acceleration of the
original 10-year program to a three-year program. The main focus of the presentation
was how to deal with data analysis and prioritization.



Banff99 PipelineWorkshop In-Line Tutorial

Vendor Presentations

ILI vendors presented the current technologies available and the rationale for use of
specific tools for various pipeline inspection applications. The presentation summaries
are as follows:

BJ Pipeline Inspection Services

Topic: Geopig - Caliper tool and Vectra - MFL tool
Presenter: David Hektner

The presentation provided an understanding of the Geopig’s capabilities and its move
from sonar to mechanical finger caliper assessment. The tool’s capabilities include:

- high speed and high resolution pipeline caliper information,
- GPS location of features,

- pipeline mapping and GIS integration,

- bending strain (structural analysis)

The second part of the presentation focussed on the technology associated with the
Vectra MFL tool.

- speed control

- GPS feature for pipeline mapping

- triaxial sensor usage for defect sizing
- VectraView Software

Pipeline Integrity International (PII)

Topic: Current Available Technolgies
Presenter: Keith Grimes

This presentation provided an outline of ILI tool and software technologies available in
the industry today. An update was also provided on PII inspection tools and
advancements in software. The discussion of PII equipment included the following:

MFL - Metal Loss Technology

TFI - Transverse Field Inspection

UT - Ultra Sonic Shear Wave Technology
Velocity Control

Software Improvements

GIS Platforms

Tool Development - Dual Diameter



Banff99 PipelineWorkshop In-Line Tutorial

Pipetronix Limited

Topic: In-line Inspection of Pipelines — Available Technologies and Tools
Presenter: Neb Uzelac

This presentation outlined the various technologies available through Pipetronix Limited.

- CalScan - caliper

- ScoutScan — inertial

- Leak Detection

- MagneScan SR - Standard Resolution MFL

- MagneScan HR - High Resolution MFL

- MagneScan XHR - Extra High Resolution MFL
- UltraScan WM - Ultrasonic Wall Measurement
- UltraScan CD -~ Ultrasonic Crack Detection

Pipetronix is also involved in the integration of their data into a GIS platform as well as
providing turnkey inspection, data analysis, and investigative and dig program execution.

‘Tuboscope Vetco Pipeline Service

Topic: State of In-Line Inspection
Presentor: Patrick Porter

This presentation summarized the preceding presentations and provide information on
equipment and software advancements within Tuboscope Vetco. Topics discussed
included:

MFL Technology in general

Data Analysis Advancement within Tuboscope Vetco and the industry
Strain Analysis Tools and Software

EMAT Technology

Velocity Control

Mechanical Damage the leading cause of pipeline failure
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Banff99 Pipeline Workshop Risk Tutorial/Dowsett

Overview of Risk Management, Risk Assessment and Risk Analysis
Ian Dowsett, Conor Pacific Environmental Technologies Inc.

Development, aging, and encroachment onto pipeline systems impose change. Change

introduces risk and the perception of risk. There is a need to manage change and ensure

that the risk and the perception of risk are acceptable (to industry, government and to the

public). This session advances examples of the use of risk management, risk assessment

and risk analysis as a means of managing change. The goals and objectives of the tutorial

are to:

® demonstrate how risk management, risk assessment and risk analysis can benefit the
pipeline industry in dealing with these issues;

* understand the concepts of risk management, risk assessment and risk analysis;

* apply risk management, risk assessment and risk analysis techniques to pipeline
systems, and;

" apply this information to identify solutions to issues facing the pipeline industry.

The roles and responsibilities of industry, the public and government were advanced:

* industry is responsible for managing the risks through individual company activities
(due diligence) and through industry organizations and associations: e.g., CAPP,
CEPA
These responsibilities include:

o identifying and understanding the consequences and risks associated with a
proposed development;

o demonstrating an industry based and a Corporate commitrnent to address and
minimize outcomes and risks: ‘

o demonstrate sufficient resources and an ability to implement the proposed
activities and actions;

o inform interested and affected parties of the proposed development and its
potential effects and of the actions and activities planned to address them, and

a  provide a meaningful opportunity for input into the project planning process,
including the development of risk management strategies, and;

o earn the public’s trust and confidence in ail of these activities.

* The public has a role in understanding the issues and becoming involved in the
process.

* The regulator holds the responsibility for facilitating decision-making, the decision
itself, and for ensuring that agreed-upon provisions (designed to address the risks) are
met (NEB, AEUB, US-EPA) through: Acts and Regulations and Standards &
Guidelines.

Definitions and examples of risk management, risk assessment and risk analysis are
provided and applied to pipeline systems and the role of industry. Copies of the
presentation overheads can be obtained from the presenter by email at

ian.dowsett@conogpac.com.



Banff99 Pipeline Workshop

Risk-based Decision Making
Based on Quantitative Risk Analysis

* The process of risk control
- To select and implement measures 1o ensure an
acceptable level of operating risk
« Questions answered
— How much shouid the risk be reduced?
~ At what cost?

Hots: The pisferrad risk control strategy achleves an
sooeptable leval of risk al the minimum cost

C-FEA Technoiogies Inc.

Risk Tutorial/Stephens

Risk Controf Process

[ rommmomin |

Estimate Eflect of Candidate Oplion
o Faliure Probetillify sH@ior Conmsty ances

Rapoat for ANl Opdmt

C-FER Tachnologies Inc.

Decision Analysis

» Decision analysis - an approach that utilizes
risk lysi Itz in ihe decisi king process

« Comments on the use of decision analysis
= mformal process tor choceing the beat course of
sotion In the pressnos of uncertainty
~ aoknowledges that uncertainty and sdverss
conssgquences are infiusncing 1sotore In any decision

C-FER Tachnologies Inc. E

Comments on Formal Decision
Analysis Methods

Can provide a rational answer to

“How safe is safe snough?”
Can achieve a baiance between cosls and risks
Can reflects decision makers preferences
Requires
— Detailed analysis
~ Explicit answers 10 difficult questions required

Are there Alternatives?

C-FER Tachnologies Inc,

Simplified Approaches to
Risk-based Decision Making

+ Available approaches
— Fixed incremental cost of risk reduction
— Predefined maximum risk ievel
- Predefined maximum probability level

* When to use
-~ Routine decisions
- Appiication of regulations
- To avoid explicit quantitication of consequences

C-FER Tachnologies inc. B EEEFFA

Summary

Decision Analysis based on QRA*

— & basis for objective risk management

— ensure scceplable operating risi al minimum cost
Requiraments of QRA"

- re t historical incident dale, or

— analytical models and line condition data
Benefits of QRA*

- Gives pipsline—specific solutions

. Quantifies the impact of proposed actions

a Rative risk

C-FER Tachnoiogies Inc.

Mark Stephens, C-FER Technoeiogies Inc.
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Banff99 PipelineWorkshop Application of GIS Tutorial

Application of GIS Technologies to Integrity Management
Chair: Bruce Dupuis, Integrated Integrity Inc.

Overview of GIS Bruce Dupuis
Integrated Integrity Inc.

Introduced the structure and functionality of GIS and covered issues to consider in
implementing a GIS

Utilizing GIS for an Integrity Management Project Don Powell
Amoco Canada Petroleum Company

Presented an example of the application of a GIS to manage data from multiple ILI
inspections (different vendors and opposite directions). Additionally, the value of a GIS
o manage class location assessment was highlighted.

Using GIS to Choose Excavation/Investigation Sites ~ Kyle Keith/Erwin Kautz
Foothills Pipe Lines Ltd.

Presented an example of an application of GIS to correlate multiple parameters for the
purpose of selecting and prioritizing investigative excavation locations. The queries and
correlations were built in a real time demonstration of the Foothills Pipe Lines GIS.

Bernie Dupuis I
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Banff99 Pipeline Workshop Database Development Tutorial

Database Development, Maintenance and Use
Chair: Bruce Dupuis, Integrated Integrity Inc.

Databases and Things That Go Bump John Wester, Net Shepherd
The Rough Guide to Data Collection

Overview of the different aspects of database development, more specifically:
Data model and problem identification

Data collection issues

Single user, multi user and replication

ODBC and what it means

Back Ends: file based vs. server based

Front Ends: integrated vs. separate

CEPA Data Capture Application: SCCdb32 Bruce Dupuis
Integrated Integrity Inc.

Overview of the history and scope of the application as well as the structure and data
fields utilized. A real time demonstration of the application was given. A demo version
of the application can be downloaded from the CEPA web site at cepa.com

PRASC Incident Database Wayne Feil, Imperial Oil Resources
Don Kosolofski, CGI Information Systems

An overview of the PRASC mandate and their vision towards database development. The
existing version of the Internet based incident database is to be revised. PRASC is
currently determining what direction to go with their next version.

PODS (Pipeline Open Database Structure) Keith Leewis, GRI

Overview of the initiative of GRI to develop an industry standard data structure to
facilitate data sharing and reduce costs associated with application development and
customization. GRI, in association with a number of application providers, is putting
forward a process to create an independent organization to manage the continued
development and maintenance of this standard.

Bruce Dupuis 1



A%,ﬂﬂ(mg S

IR

L LEZas.

IV sssian
{,a’f KM [ e

Drype far

/ja»o e// Aosolofst

L, _M./J

ﬁb_ﬁ U/.l_ Aﬁq x

_Krs M_I}&_\L)iz—\/

- Chnicirs. Patsiin 86m

BiLe TYsowN

CANMET

leil.@—ﬁ‘_m&o :

MTL[ CcAMMET

NC'\(L_. |

\ Res A NLSER

o MASS ey EN@QG |

G-msut:t.mﬁ

T L Deuntens | Bpl Lone

_____ Vo Nowe ll Drece Con caL—. £ treleum . .
______ Lill #o éz:é_ﬂ gﬁ;ﬂ/é/
7 <TEPHED —5 AL olBand "DO"'HU-.LS P?E LIUES -~'TDL
fpé £ i Ellipse __<pe by | _
J / / ‘
f/‘.{, %3 V_chq.é__ /Kt;;"#u.:._s 7= Azw-ﬁ A =

C/ma/‘fom ,M‘/COFI‘]LLI Z?ZG/

____;;f,ﬁ_{/aﬂ_AEiSf

CC Techn. /m:es

J ubj 74/7#:2“

A A

N

/M Eiber

(usnltbd]

Bb Cibar

_ Rey [Fesseen

Pi2 rvi

(’of/faza Fie , Epre.

I\/ltﬂh HD _ ‘E_E? .
L P L_E’_\_? UG JALS LD e M
_ é}:m{ 5@1\«%(5 dcrmﬂ(’fao CAMARA _,_INC
. e %// C- <P A4 ‘
570(_ % DM@ TEGEATED  INTLERAT e A o

ﬂG,sz_a_J LEQAE@L_ ___TQzM___? e\t
ﬂ@’}é_} 6d¢a.w ATicS .

o D

R La i

‘ANZD%!J ﬂOZJ\fuﬁ_NSﬂ .

re: el

_J_,M@r:,@.tm_, ol pﬁﬁﬁu%




Banff99 Pipeline Workshop Plenary Session - Opening Address

BANFF99 PIPELINE WORKSHOPOPENING ADDRESS
By Larry Drader
Vice-President, Operations & Engineering
AEC Pipelines Lid.

Introduction

Thank you Doug for the kind introduction. Ladies and gentlemen, 1 would like to take this
opportunity to welcome all of you to the Banff/99 Pipeline Workshop. Not only can I guarantee
you an enjoyable stay here in Banff and the majestic Rocky Mountains over the next few days, I
can also assure you the experience of a world-class interactive forum dedicated to the prevalent
issues and technologies associated with pipeline integrity. We must commend the work and
effort put forth by this years” Workshop Co-Chairs in planning such an exciting four-day
program. I would like to take this opportunity to thank the entire organizing committee on behalf
of all the workshop delegates.

The theme of this year’s workshop is “Managing Pipeline Integrity — Technologies for the
New Millennium”. Tt is a two-part title focussing on technology, and the management of this
technology. Ultimately, the effective integration of these two components should assist us in
maintaining pipeline integrity. I'd like to briefly discuss both components of the theme and their
importance in the overall direction pipeline companies will be taking in the new millennium.

Technology

Like so many other industries, the pipeline industry is about to embark on an era where
technology will be heavily called upon to assess, remedy, and monitor several important issues.
Pipeline integrity is no different. But why should we even embark on such a journey based on
our industry track record? As we are all aware, pipeline infrastructures have been providing an
efficient, economically viable and safe means of transport of petroleum-based products for
several years. Statistics readily associate pipeline transport with safety records orders of
magnitude better than other modes of transport. So why fix or change the way we do things if
they seem to providing favorable results (i.e. safety wise, efficiency wise and financially)?

Certainly many pipeline companies have profited from these systems over the years, and if the
efficiencies of these systems can be maintained at or near initial operating levels, without
radically changing operating philosophies, why embark on potentially disruptive and costly
changes? These mindsets are obviously affected by external forces (e.g. political issues,
regulatory requirements, commodity prices, etc.) which directly affect the dynamics of the
operation. A very competitive and global marketplace now also plays an important role in the
type of operating decisions made. However, the danger of falling back onto standard ‘modus
operandi’ based on past performances, techniques and accomplishments, still exists, and can
literally dictate how an operation should be run. So why then should we adopt a “‘proactive”
approach to pipeline integrity as opposed to a “reactive” one? Quite simply: aging pipeline
infrastructures.

Larry Drader, AEC Pipelines 1
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The majority of pipeline systems in operation today are obviously not new. They have not been
new for many years now and they will not become new anytime in the near future. It is
inevitable: everything ages, even newly constructed pipelines incorporating the most modern
systems, technologies and advancements. Like anything else, aging also brings deterioration with
it. The forces directly responsible for deterioration and the time-scales associated with them may
differ from one phenomenon to another, but nonetheless, they exist.

Pipelines experience a multitude of forces and “other” significant events in their lifetime which
contribute to their deterioration and eventually, their integrity (e.g. geotechncial forces,
external/internal corrosion, product specification and quality, pressure, temperature, coating
damage, 3™ party damage, material defects, etc.). Recognition that some or all of these forces
exist to some degree on all systems (i¢. no pipeline is immune) is the first step in a proactive
approach to integrity management. Getting to the next phase is where hang-ups can occur: the
efficient and effective implementation of technologies aimed at counteracting these forces and/or
their effects. In no way does this statement imply that we abandon or limit the value of inputs,
decisions and techniques formulated on past experiences when trying to implement new
technologies. This “know-how” must still remain an integral part of the implemented pipeline
integrity management program.

On the other hand, one must also be cautious to not stumble into the *“techno-trap” of wanting to
implement, incorporate, run and/or own every latest technological advance/device unless a
value-added justification to the overall integrity management of the system can be realized. The
tested and proven technologies of today, as well as those we will be embracing in the future, are
all vital tools in maintaining pipeline integrity and should be used in the right circumstances.
You don’t need to buy a Ferrari to go 4 x 4-ing! Such approaches almost inevitably become
costly undertakings, with very litle realized gains. Important questions regarding the
applicability of specific integrity technologies to a specific pipeline system need to be addressed
prior to implementation. This in itself requires a very thorough understanding of the pipeline
system and its’ specific operational history. Such thinking now sends us back to the gathered
“know-how” component previously discussed.

As you can see, a balance between past experiences and technological advancement must be
created to establish an effective integrity management program. By doing so, we ensure that
pipeline systems are maintained and operated at their safest Jevels as all avenues of due diligence
are covered. Tipping the scales in cither direction could have serious consequences from a safety,
environmental, cost of repair, stakeholder and public perception/opinion perspective. Let us not
discount the experiences and knowledge databases accumulated via past events, nor discount the
technological advances that are being developed today and in the future.

Pipeline Integrity Management System

The other component of this year's theme is Managing Pipeline Integrity. It does us no good to
simply expend resources, time and dollars on integrity issues if we continually fall back into a

Larry Drader, AEC Pipelines 2
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“reactive” mindset. When a functional balance between technological implementation and
expertise gained from past experiences has been established, the next step should be the creation
of a system aimed at managing this marriage. The integrity management systemV/philosophy
Tepresents one component of the overall operations management system of a pipeline company.
It’s mandate, at the most basic level, should be to provide a “safe, prompt and continual delivery

of product”. How this is accomplished from one pipeline company to another will vary based on

management and almost assuredly the words “efficiently” and “cost-effectively” will be
incorporated. Further refinement of the mandate would also include “environmentally
responsible™ and “satisfaction of al] regulatory requirements”. As you can see, there are several
factors that need to be constantly scrutinized and addressed if 4 pipeline integrity management
program is to be successful in satisfying all concerning issues.

critical scenarios affecting integrity. From, this, cost-effective control and mitigation strategies
can be created and executed. Once again, a balance between technology and system expertise
must be utilized at this stage. To assess effectiveness, performance evaluation of the mitigation
strategy must also be conducted. This determines whether or not the desired result was achieved
whilst satisfying the mandates’ requirements of safety assurances, cost-effectiveness, efficiency,
etc.

Risk assessment/risk Mmanagement systems as those just described do indeed work. There are
obviously several more details and concepts that need to be incorporated into a formal risk
management plan. This would include things such as the tools designed to assist decision-makers
with risk analysis (i.e. statistical models, software), the numerous informational databases which
have been and are currently being developed, the evolution of geographic information systems,
etc. The intent here was simply to highlight the fundamenal concepts behind such plans.

However detailed and structured an integrity management Plan becomes, its success will
ultimately depend upon the commitment given to the plan. The New Oxford Dictionary of
English defines commitment as * the state or quality of being dedicated 1o a cause or activity (a
pledge or an undertaking)”. This dedication must come from all parties associated with pipeline
integrity. From the front-line individuals directly involved (ie. the engineers, operators,
technicians, vendors, research and development teams) to those who are directly affected by the
achieved results (i.e. management, shareholders, regulators, etc.). Commitments at all levels will
only strengthen the direction our industry takes in ensuring safe and efficient pipeline
infrastructures, new and old. An indication of commitment is present here today. Attendance at
this workshop, regardless of the level of your involvement in the overall integrity management

Larry Drader, AEC Pipelines 3
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plan of your company, indicates a commitment to the advances in technologies and
methodologies showcased at this gathering. Hopefully, what is learned and discussed here this
week will help form significant parts of several integrity management framewotks.

Closing Remarks

Ladies and gentlemen, over the next few days, you will all get the opportunity to focus on and
discuss several state-of-the-art technologies as well as share experiences related to the design,
construction, operation, maintenance, performance and abandonment of pipelines. Forums like
these are necessary in ensuring that the transfer of knowledge and information related to new
advancements takes place within our industry. Never has this been as important as it is now,
mere months before we embark on a new millennium.

We are experiencing change in our industry as we have never experienced at any other time. The
rate of change (i.e. predominately technological) is unfathomable. Just sit back and think for a
moment at how a certain task accomplished today was handled 5, 10 or even 20 years ago! Now
speed up the rate of change. One can only imagine how the execution of this task will now be
handled in the future! Now incorporate a similar rate of change to the entire pipeline integrity
industry via enhancements and continued research/development into in-line inspection tools, on-
line real-time ROW monitoring, predictive models, coatings, and construction practices and
operating procedures '

Although exciting in nature, it can also be guite an intimidating time if we don’t properly prepare
ourselves for these inherent breakthroughs. Let’s not forget what got us to where we are today.
Let’s not forgot how we do things today. Additionally, let's systematically and efficiently
embrace the technologies of the future that will become essential in ensuring that all pipelines
will be capable of operating at the highest standards of safety in the next millennium.

T thank you for your attention and wish you all a very successful four-day workshop.

Larry Drader, AEC Pipelines 4
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Banft/99 Pipeline Integrity Workshop 13 April 1999

Y
ke
CEPA
Pipeline Integrity
Management
Share, Collaborate, and
Leverage for success

Technology

m"a body of knowledge”
mintellectual capital”

z

/]

R.E.(Dick) Graham, P.Eng. TransGas 1



Banff/99 Pipeline Integrity Workshop 13 April 1999

mMember Companies (11)
m Technical Members (3)
mOperate 90,000 km of pipelines

m Transport 95% Natural Gas and
Crude oil produced in Canada

CEPA - Pipeline
Integrity Management

m Safe and Reliable system top
industry priority

m CEPA have focused on SCC and
General Corrosion

R.E.(Dick) Graham, P.Eng. TransGas 2



Banft/99 Pipeline Integrity Workshop 13 April 1999

Framework for Pipeline
Integrity Management

m Integrity Management . o
Framework i [

m Developed for SCC e m

m Can be applied to

General Integrity
Issues

SCC
Recommended

Practices i :
available at L .

R.E.(Dick) Graham, P.Eng. TransGas



Banff/99 Pipeline Integrity Workshop

m Susceptibility
Assessment

m Investigative
Programs

m Periodic Monitoring

Monitoring

ti9"=li:ion

m Prioritize for
mitigation

m Select & Schedule
mitigation

Plan & Implement

R.E.(Dick) Graham, P.Eng. TransGas

13 April 1999



Banf1/99 Pipeline Integrity Workshop 13 April 1999

Document and Learn

m SCCdb32

m Data Trending

m Share

m R&D o
SCCdb32
available at
www.cepa.com

:

CEPA - Current Activities
w
mCorrosion White Paper

mCirc. SCC RP’s
m Consequence Assessment
mPipeline Integrity R&D

10@

R.E.(Dick) Graham, P.Eng. TransGas 5



Banff/99 Pipeline Integrity Workshop 13 April 1999

CEPA - Looking Forward

mPipeline Safety & Reliability will
continue to be CEPA’s #1 focus

m CEPA will continue to share,
collaborate, and leverage
among it's members to address
complex technical and
operating challenges :

I leave you with this
thought...

s ——

m Technologies for the new
Millennium
—~What can you learn this week?
~What can you share?
—How can you contribute?

\
12

R.E.(Dick) Graham, P.Eng. TransGas
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Enhanced pipeline operations safety performance

* manage pipeline risk through informed decision
making

» industry acceptance and utilization

* harmonization of data collection and reporting

scomputer based tools for better analysis il /.
N
=z
= =

Pineline Risk Assessment Steering Commitiee
(PRASC) Datahase Development




PRASC Databasc Steering Committee

Name Employer Representing
Barry Broderick CWNG CGA

Ian Fraser Imperial Oil

Bob Hill CEPA CEPA

Dave Kopperson PanCanadian Petroleum CSA Risk Management
Ron Maas Westcoast Energy CEPA (co-chair - PRASC)
John McCarthy National Energy Board NEB (co-chair - PRASC)
Tom Pesta - Energy Utilities Board EUB

Jim Pirye MIACC MIACC

Brian Rothwell TransCanada PipeLines CSA Z662

lan Scott CAPP CAPP

PRASC Database Task Force

Name Employer

Wayne Feil Imperial Oil

Hugh Harden BC Gas Utility

Bryce Nolan TransCanada Pipelines

History

« PRASC was created to guide the development of processes
to determine and manage the risks associated with pipeline
operations

« Co-operative effort of CAPP, CEPA, CGA, MIACC, EUB,
NEB, TSB, CSA

« Directed by independent steering committee

» Supported by task force
» Funded by CAPP, CEPA and CGA



Force Mandate (cont.)

* Acting 1n a liaison role with related industry
Initiative/groups

* Evaluating and recommending an appropriate database &
process solution

* Initially for downstream liquids and gas pipelines -
upstream at a later date

N/
N

Datahase Task Force Mandate

» Identifying all essential database elements

* Defining standards, measurement criteria and terminology
* Determining statistical and quantitative requirements

* Qutlining the process for data collecting & reporting

* Estimating industry/corporate impacts



Opportunities

* Reduced reporting by pipeline operators

+ Use for maintenance planning

 Access to a well designed data management product for the
pipeline operator

» Access to a much larger base of data for risk management
and statistical analysis

Achievements to Date

*» Designed and developed prototype database
* Preliminary load testing completed
* Internet Access

* Domain Name: Can-Pipeline-Incidents.Org

g
fi;
-i
i




Next Steps

* Compile all existing database clements

* Team of industry/regulators to compile required database
elements

* Agreement of a common database data dictionary

* Agreement to and development of a harmonized database
* Develop an administration program
* Promote database to industry

* Database population

* Database reporting

Harmonization of databases (Regulatory & Industry)
» common data dictionary
* data sharing
Database Administration
» database population
» data entry support
» development of data query protocol

* security issues







A NEW MFL IN-LINE TOOL TO DETECT LONGITUDINAL CRACKS

introduction:

Axial flaws are certainly the most dangerous defects for pipeline operators as their location is a real
challenge for the ILT industry. In addition, long or short axial defects are potentially a threat in very various forms:
cracks, mechanical damages, grooving corrosion. ..

TRAPIL, the multi-product pipeline operator leader in Europe, has developed an original rotating transverse
MFL tool to detect these flaws. _

This tool has successfully inspected a refined product line affected by a SCC phenomencn. The inspection
allowed the location of sevéral critical cracks before staring the hydrotesting program and has saved this pipeline
from a definitive interrupt of operations.

1 Transverse magnetisation for the detection of longitudinal cracks

The detection principie is the well known MFL used for metal loss location. But as defects are mainly
axially orientated, the magnetic ficld has to be applied in the transverse orientation instead of the axial one. The
transverse MFL measurement principle is reminded figl: a magnetic flux is imposed by the two poles of a magnet in
the pipe wali, the presence of a flaw with an axial component induces a distortion of the field lines which is
measured by sensors.

During the feasibility studies, the field lines in the vicinity of the cracks have been modelled by using finite
element calculations, an example of radial flux leakage generated by such a crack is shown fig2.

Figl : transverse field magnetisation Fig2: fiux leakage on a crack 2.5mm deep and 30mm
long,



2 The transverse magnetisation applied by the CORRO-T

The tool is made up of 3 cars: a car for traction, a car for the power supply, a car for the processing and the
storage of the data, the two last cars inspect the whole of the pipe wall. Each inspection car inspects 50% of the pipe
wall. An inspection car includes four magnetic circuits with sensors in the middle of each circuit (see fig3). The free
wheels of these modules are inclined at 30°, they induce a rotation of the tool on itself during its progression in the
line. So. the whole of the pipe wall is integrally inspected according to eight spirals, each spiral is defined by the
progression of 2 magnetic circuit and its sensors.

Rotating: an efficient way to improve the signal/noise ratio

Thanks to the rotating system, the sensors pass through the MFL signal not only on its axial direction but on
its radial direction where it offers 2 large surface easier to catch by the sensors. In this way, all the energy of the
signal is recorded by several sensors and the emergence of the signal is better than recorded on the axial direction.

SENSOTs
e ———
> St
>

) 7 Axial
( Pipe wall crack f direction
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3 The tool in operation

In 1998, this tool has suceessfully inspected twice a 12" diameter 240 km long line of refined products.
This line is affected by a stress corrosion cracking phenomenon called ‘near neutral pH SCC’. After the runs, 18
SCC colonies threatening the integrity of the line were located by the tool. Since then, several 110% MAOP
hydrotests (79% of the SMYS) have been conducted without any ruptures.

Two examples of SCC colony after wet magnetic particle inspection are presented hereinafter fig4 and fig5,
the scale is in centimetres,

Figd : SCC colony 3.5 mm deep Fig5 : non coalesced cracks, one is 2.5mm deep

4 Capabilities of the tool

At the issue of the inspections, 192 features were recorded by the tool. Till now, about one hundred of them
were excavated by the owner of the pipeline. Each excavation has lead to a defect - SCC cracks, grooving corrosion,
gouges, deep laminations and midwall defects,

Société des Transports Pétroliers par Pipeline TRAPIL
7-9 Rue des Fréres Morane
75738 PARIS Cedex 15, France
« 33155768001 R 33155768000



1 TECHNOLOGY USED

1 INTRODUCTION OF THE TCOL
1 INSPECTION RESULTS

1 CAPABILITIES OF THE TOOL

BANFF #9 PIPELINE WORKSHOP

FINITE ELEMENTS CALCULATIONS

Ruz wachage (ghutd]

Radial flux leakage on a crack 2.5mm deep

BANFF 92 PIPELINE WORKSHOP

TECHNOLOGY USED

1 Transverse MFL principle
1 NdFeBo magnets
1 Up to date storage capacity technology

BANFF #9 PIPELINE WORKSHOP

BACKGROUND
1 1995-1997: Feasibility studies in collaboration with the

university of GRENOBLE (France), design and building of
the 12" tool.

1 1998: Successful inspection campaign on a refined
products pipeline.

1 1999: Second inspection campaign in progress

BANFF 88 PIPELINE WORKSHOP

TRANSVERSE MAGNETISATION PRINCIPLE

BANFF 98 PIPELINE WORKSHO?

e R e e
TR R e ) e NN

THE CORRO-T

| s s A — ;
e v ol bmese e Y AR s TSmO

BANFF 39 PIPELINE WORKSHOGP




AN INSPECTION CAR

B

o I S

BANFF 99 PIPELINE WORKSHDP

SCC COLONIES DETECTED BY THE TOOL
LT L e i,

SCC coleny
3.5mm deep

Non coalesced SCC cracks
One is 2.5mm deep

BANFF 9% PIPELINE WORKSHOP

DEFECTS LOCATED

prpw o amlik

192 features recorded

B SCC cracks

B grooving corrosion

I mechanical damages
1 deep laminations

1 mid wall defects

BANFF 99 PIPELINE WORKSHOP

CAPABILITIES
e T St s o o
I Detection threshold in pull through tests

conditions is a single crack 1mm deep and
30mm long.

1 This detection threshoeld is to be confirmed in
operation after the collect of field data during
the inspection campaign in progress.

BANFF 9% PIPELINE WORKSHOP

INSPECTION RESULTS
i e e T———

1 100 features have been excavated

1 No false calls, 57% of the defects had lead to a
repair

1 18 SCC colonies detected

B Several axial metal loss defects located

1 No ruptures have occurred during the several
110% MAOP hydrotests conducted after the
inspection campaign

BANFF 82 PPELINE WORKSHOP




"Pipeline Encroachment”

1999 Banff Pipeline Integrity Workshop

Encroachment -Failures due to 3rd Party

RN

Source: EUB 1999 m

Pipeline Encroachment - Stakeholders

Fipeline Companies

Presented by
lar F.H.5cott
Manager
Plpsiines, Enwironment and Frontier
April 13, OO
GiPp
Encroachment - 3rd Party Damage
100 -
90 |
80
70 J
60
50
40 !
30 |
20 4
10 4
0 N ———
€ ¢ @ F & H o P P
Source: EUB 1999 GAPP
Encroachment - Initiatives
MIACC
CAPP 1997 P/L
TASK FORCE Integrity Workshop
GiPP

Encroachment - 1997 P/L Integrity Workshop

« Key Issues raised:
~ No single source of data &/or incomplete
» One Call Organizations
» Improved Communication
= shared responsibility
- consistency of message
- safety of P/Ls
e Roles & Responsibilities




e,

Encroachment - MIACC

= Initiative began 1992 - meeting between CPA,
ERCB and the NEB

~ Task Force currently chaired by John
Whittaker, U of A

¢ Workshop held in October 1997
= “SWG” formed to rewrite document
~ CAPP,CEPA,CGA, EUB,TSB, City of Regina]

Encroachment - MIACC

« Purpose:

“Increase awareness & encourage dialogue
among key stakeholders when considering
changes to existing land uses or new land use
development near 1o or surrounding existing
pipelines, or new pipelines adjacent to existing

developed new draft Iznd developments.
= Land Use Planning With respect 1o Pipelines
“A Guide for Local Authorities Developers and
Pipeline Operators™ GiPp GAPP
Encroachment - MIACC Encroachment - MIACC
¢ Key stakeholders include:
Glossary Importance of Land Use Planning

Pipilines

Developers Local Authorities

» Dialogue should occur when:
~ proposed development - 200m edge of R/W
- adjacent to existing P/Ls
~ proposed P/Ls adjacent 1o existing
developments GAPP

Consultation &
Dialogue Process

isk Management

Contacte/Information Sources

Roles & Responsibilities

Appendices

Girp

Encroachment - CAPP Task Force

» Established April 1996 to:

- Raise awareness with municipalities and
counties

~ address implication s od developments

~ inform municipalities, developers & planners
about sources of P/L. information

= Uhtilize a consultative communications process

Girp

Encroachment - CAPP Task Force -
Proposals

Improved/continued dialogue

municipalities, planners, devel,
Development model by-taw 1palibies, p evelopers

N

Linkage with the MIACC document

GiPP

Deveiopment of EUB IL




Encroachment - CAPP Task Force Encroachment - Summary

» Workshop in October 1997 MIACC
» Reviewed propesed IL
- Reviewed Model By-law
~ Addressed Issue of Compensation
» Communication
» Improved data sources

« Awaiting MIACC document

1999 P/L
lotegrity Workshop

GiPP GiPP




"Pipeline Abandonment”

1945 BanfY Pipeline Integrity Workshop

Presented by

lan F.H. Scott
Manager Pipelines, Environment & Frontier
Aprit 1999
GIPP
PIPELINES IN ALBERTA
Regulated by EUB

(mpipelines Bcrudeoff G naturalgas Dsowr gas |
| B water R muttiphase O others

Pipelines in Canada

Xm of
pipelines

Imtotat pipelines 8 flowline/ pathering
{Btramsmission ratural gas W transmission liquid
| local distribti O rural coops Alberta (m

Pipelines - Abandoned/Discontinued
Alberta [1998]

18000

12000

Length
{km)

8000

4000

Total
YEAR

il Abandoned O Discontinued ﬂSuspﬂmm

Pipelines - Abandoned/Discontinued
Alberta [1989-1998]

L) LSy "
&S

R R N N
B o B d° ot o
[N 2

M Abandoned C Discontinued £ Susgendg‘“l‘]

Abandonment Options

-Abandon in place
+no right-of-way maintenance or "CP"
Jright-of-way maintenance with "CP"
2. Remove the pipeifine

Note: Large projects likely combine options

GIPP




Pipeline Abandonment Steering
Committee

Pipelina Abandonment Plan
Flow Chart

Pipeline Abandonment

» Two Discussion Papers developed:
= Environmental/Technical Issues

=] egal Issues

Pipeline Abandonment

+ 1997 Banff Pipeline Integrity Workshop:

Pipeline Abandonment Plan

»Goals
» Public Safety

~ Environmental Protection

Pipeline Abandonment Plan

~Key Characteristics of abandonment plan:

~ Project Specific

» Opportunity for Public and Landowner Input or other
stakeholders

~ Cognizant of regulatory requirements

= Provides for post-abandonment activities

o




i,

Abandonment Pian

$ ﬁ“m
L@ ;

Envirohmentaliechnical

\ Compary
- “"‘ﬁ Gipp

Pipefine Abandonment - Issues

Land Management

~Current uses
=parks, protected arsas, agric.
=Future uses

~eguivalent capability

Pipeline Abandonment - Issues

~Contamination Scil & Groundwater

~Internal pipe cleaniiness (how clean?)
= cofrosion
- leaching
~pipe coating

Abandonment Plan

Contamination
* Soil & Groundwater

Land Management

===~ Pipe Cleanliness

~

\ Stream Crossings

Foreign Crossings

Associated apparatus m

7

Ground Subsidence

Pipeline Abandonment - Issues

Ground Subsidence/Erosion
~Corrosion of pipe left in place
~Remuoval of (large) diameter pipe

~instability of slopes

Pipeline Abandonment - Issues

Stream Crossings, Muskeg, Wetlands
~Pipe exposure - erosion, buoyancy
~Cileanliness

-Drainage




Pipeline Abandonment - Issues

Pipe Cleanliness

~How clean Is clean?

~What is intended use of removed pipe?
~Prevent Water conduits

Pipeline Abandonment - Issues

Associated apparatus
~remove tanks, valves, fencing, etc.
~signage

Cost Considerations

~Abandonment Plan  =regulatory
~Site assessment ~{Alberta - security
~ Pipe abandonment  deposit)
- monttoring ~disposal costs
~legal « pipe if removed
» abandonment debris

Pipeline Abandonment - Issues

Foreign Crossings
~road, rall, utilities, pipelines
»proper notification/agreements

Pipeline Abandonment Issues
Legal

~Extent of corporate liability on abandoned in place|
pipeline and for how long?
~existing versus non existing campany
~What are the conditions for removal of land title
caveat?

Gioe

Conclusions
~Pipeline abandonment is current issue
=Abandonmaent Plan = responsibility + diligence
»Operators must be accountable and responsible
~Communicate with stakeholders throughout

~Legat and financia! issues important elements

GAPY




IPC 2000

L e Rt S

IPC has evolved into a premier world class event

IPC 98 a huge success
700 delegates from 30 countries
160 papers from 17 countries
Positive feedback from delegate survey

Strong support to hold IPC 2000 in Calgary

Third International Pipeline Conference

IPC 2000

Presented by: Robert A. Hill



IPC 2000

ey T 71 e S ——a——————

Tentative symposium topics:
Integrity and Corrosion
Design and Construction
Environmental Issues
GlS/Database Development
Rotating Equipment
Innovative Projects and Emerging Issues
Regulatory, Codes and Standards
Pipeline Automation and Measurement

Workshops/Panel Sessions/Tutorials

IPC 2000

SR T

IPC 2000 scheduled for October 1-5, 2000, in Calgary,
Palliser Hotel - ASME primary sponsor

(World Petroieum Congress to be held in Calgary in June
takes all hotel and convention space)

Added feature: Technology Exposition to be held in
conjunction with IPC 2000 at Telus Convention Centre

focused on pipeline industry and related products and
services




IPC 2000

Tentative schedule for recruiting papers:

1999
1999
2000

Mid-June,
October,

Call for papers issued

Abstracts received

January,

Abstracts accepted

2000

1

March/April

Manuscripts received

June/June, 2000

Manuscripts accepted

July/August, 2000

Final papers submitted for publication
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Banff99 PipelineWorkshop Working Group 1

Working Group #1  Construction, Maintenance, and Geotechnical

Co-Chairs: R. Hinger (TMPL); P. Wong (Skystone)
Rapporteur: G. Hill (Corridor / TMPL)

Tuesday, April 13, 1:15 P.M. Session
Topic: Bar Coding of Pipe

Session 1 Speakers: Paul Poirier - Shaw Pipe Protection; R. Pryor - Ellipse Spatial Services

Bar Coding Technology (Paul Poirier, Shaw)

Shaw Pipe Protection has been using bar coding technology for pipe for 6 years in Canada,
the USA, Australia, and the North Sea.
Shaw is moving to more comprehensive integration of bar coding - automated bar coding will
be standard in all Canadian plants.
Why use bar coding?

¢ traceability for Q/C programs - data is not lost or misread

¢ efficiency in the plant - less manual transfer of data

= inventory control - electronic tracking of materials in stockpiles

¢ safety in the field - less manual transfer in the ditch
Types of bar coding:

* one dimensional, based on bar spacing (Code 39, Code 128, etc.)

e iwo dimensional, allowing for more information (PDF 417, etc.)

* matrix, allowing for significant amount of data in a small space (primarily used in small

parts manufacturing)

CSA has sanctioned Code 39 and PDF 417.
Shaw is recommending that Code 128 be adopted by industry and will try to convince CSA
that this is the right choice for the following reasons:

* Code 128 allows for more data than Code 39

¢ Code 128 can be printed smaller than PDF 417 and so is easier to read in bright

sunlight

» Code 128 does not require labelling technology so is less expensive than PDF 417
Disadvantage of bar coding in general is that the bar code is difficult to find on the pipe,
particularly in stockpiles or in ditches, unless put on in a number of locations.
Disadvantage of Code 128 is that it does not provide redundancy so data is lost if bar code is
damaged.
To remedy these problems to date Shaw is generally using multiple labels on each joint (up to
6 only - more is too expensive).
Shaw is now pioneering the ultimate solution - continuously repeating spiral bar code stencil
applied using ink jet technology - trials are underway.

Rapporteur’s Report — G. Hill, TransMountain Pipeline



Banff99 PipelineWorkshop Working Group 1

Bar Coding Advantages in the Field (Ellipse):

e Bar code data can be coliected with scanners in the field with the following advantages:
¢ eclimination of manual data entry errors
s one person can collect all the data
« material data is immediately accessible in a database
e Bar code data can be overlaid with survey (GPS) data, bend information, weld numbers, pipe
features (weights, etc.) to form a complete pipeline database.

General Discussion:

o Reynold Hinger stated that the continuously repeating spiral bar code stencil concept
appeared to be the key to the success of bar coding in this application.
o It was noted that the continuous stencil concept would have significant advantages where a
pup is cut from a joint - traditionally material data can be lost in this case.
- Question: Can data be customized for clients?
Answer: Shaw believes data should flow from pipe mill to coating mill to client, who can
then do with the data as they see fit.
- Question: Are different users of bar codes standardizing in any way?
Answer: All industries that have adopted bar codes in the past have ended up standardizing
on common data sets and rules - the pipeline industry will have to do the same. Otherwise,

data could be inadvertently duplicated and become useless in the future. Shaw is trying to be
proactive in this area.

- Question: How long will the bar codes last in the ground?

Answer: Ink suppliers only warranty for 5 years. In reality it is highly dependent on ground
conditions - could last 1 year or 20 years.

- Question: Is yellow jacket stencilling longevity a relevant experience source?
Answer: No - inks are different.
- Question: Is PDF 417 in use anywhere?
Answer: American Steel Pipe still uses this type of bar code - field experience with A.S.
Pipe was disappointing due to data reading and interpretation capability.
e It was noted that the ultimate extension of bar code technology is a visible code or electronic

signature of some type that could be read by an in-line inspection tool. The tool could then be
used to “as-built” the pipeline material data.

Rapporteur’s Report — G. Hill, TransMountain Pipeline 2



Banff%9 PipelineWorkshop Working Group 1

Tuesday, April 13, 2:15 P.M. Session
Topic: Integrity Management on the Echo Pipeline
Speaker: D. Kulesar - Gibson Petroleum Company Ltd.

The Echo Pipeline is a 12" diameter, 153 km pipeline from Elk Point (N.E. Alberta) to
Hardisty, which has been operating since March 1, 1997.
Echo is a hot oil line transporting 0.986 SG material at temperatures between 50°C and 95°C.
Conventional pipelines can operate with material viscosity up to 1000 ¢S, but at conventional
temperature of 5°C to 25°C this requires diluent content of up to 20%.
The Echo Pipeline line operates in the same viscosity range, but with no diluent - thus the
requirement for the high temperatures.
The reason for operating with no diluent at high temperatures is capital cost savings due to the
following:

* half the amount of cooling required at the upstream end (1 cooler instead of 2)

¢ 1o return diluent line required

* smaller pipeline diameter required (or 20% higher capacity), due to no diluent in the

oil

Another advantage is increased marketing flexibility (custom blends can be made at the
downstream end) - current blending is with condensate at Hardisty (to Enbridge 350 ¢S spec)
Disadvantage is non-diluted oil must be kept moving so excessive cooling doesn’t occur and
cause the oil to reach non-pumpable viscosities (01l could reach ground temperature in 10-15
days).
Contingency plan for planned shut-downs is to add diluent ahead of time. Contingency plans
for un-planned events include provisions for fast (2-3 day) response times.
Design considerations with respect to heat loss to the ground included:

¢ the effect on oil viscosity

e the effect on the soils (interference with the natural freeze-thaw cycle) and root zone

temperatures (for plant life)

2" of insulation and 6' of cover was required to mitigate heat loss effect to acceptable levels.
Multi-layer coating system was required:

e primer
COITOSION protection tape
polyurethane foam insulation
rockshield tape
polyethylene jacket
This coating had the following disadvantages:

» it was difficult to apply over field welds

» it was difficult to bend (a mandrill had to be used)

e it prevents the cathodic protection system from working effectively (no soil/pipe bond)

Rapporteur’s Report ~ G. Hill, TransMountain Pipeline
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e Other design problems included:
e -40°C ambient to +100°C design temp range exceeds CSA-Z662 max. range of 59°C -
hot air was used to raise temperature to 55°C prior to installation
o detailed stress analysis had to be done at valves, traps, and riser - traps and valves
were located near bends; risers were installed with 2" foam to allow movement
e all station piping had to be insulated to prevent burns to operating personnel and
overheating of equipment
¢ Proactive integrity management is required, since heat and lack of effective CP protection may
accelerate corrosion - corrosion inhibitors are required.

Discussion:

- Question:

Answer:

- Question;

Answer:

- Question:

Answer:

- Question:

Answer:

- Question:

Answer:

- Question:

Answer:

- Question:

Answer;

What type of pumps are used?

PD pumps due to extra capability during upset (low viscosity) conditions. It was
noted that some pump failures have occurred due to high sand content in the heavy
oil.

What type of fuel is used? Was the pumped product considered?

Natural gas and no, the oil was not seriously considered as a fuel source.

Has an in-line inspection tool been run? Would it be run in the heavy oil?

No, the line has only been in service since 1997 and no, unless the tool could
withstand the temperatures - diluent could be added for a tool run.

Were there any special considerations (for coating protection) for crossings?

All crossings were bored or drilled and no special protection was incorporated.
What would Echo do to repair the pipe in case of a failure (in time to prevent
excessive cooling)?

For a minor leak or puncture - sleeve and plan a cut-out later; for a catastrophic
failure - stopple and replace.

How often is pigging required?

Once per month.

Are higher temperatures being considered for other projects?

Gibsons may look at 85°C to 110°C for other projects.

Rapporteur’s Report — G. Hill, TransMountain Pipeline
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Tuesday, April 13, 3:30 P.M. Session
Topic: Non-Destructive Techniques for Measurement of Pipeline Corrosion
Speaker: Richard Kania - RTD Quality Services

* Existing technology for corrosion defect mapping includes:
*  pit gauges (external corrosion)
» bridging bars (external corrosion)
* ultrasonic pencil probes (internal corrosion)
* ultrasonic mapping systems (internal corrosion)
* laser based mapping systems (external corrosion)
¢ Why laser based mapping?
¢ better accuracy of measurements
¢ better repeatability
¢ not reliant on operator skill
e faster than manual methods
* Laser based mapping tools provide plan and profile plots and can do an automatic RSTRENG
analysis if desired.
¢ RTD initially developed the MK I Laser Pipeline Inspection Tool (LPIT) but numerous
problems were encountered during field trials:
* baseline assumed perfectly straight, round, smooth pipe: in fact seams, bends, sags,
dents, and bulges affected the accuracy of readings
® map size was limited to 27" x 8"
* tool stood 25" above the pipe surface - use below the pipe was limited
* operating temperature was limited to 0°C
* As aresult of the above problems, only 30% of corrosion defects could be mapped accurately.
* RTD has now developed the MK II LPIT, which has the following enhancements:
* new software is capable of coping with surface irregularities, welds, etc.
the scan area is 103° circumferentially, unlimited length
gridis I mm x 1 mm
profile is only 8" above the pipe surface
resolution is +/- 0.2 mm
spot laser eliminates shadowing effects
¢ operating temperature is -30°C to +50°C
When trials are compieted, the MK II LPIT should be much more successful than the MK L
¢ RTD has two other tools for corrosion measurement:
* PipeScan for MFL measurement of internal corrosion
* MapScan for ultrasonic measurement of internal corrosion
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Discussion:

+ Question: Does the MK II have B31G or CSA-Z662 analyses built in as well as RSTRENG?
Answer: No, these analyses are based only on defect length and maximum depth - there is
no point in doing laser mapping if a B31G or CSA-Z662 analysis is planned.
. Question: What surface preparation is required?
Answer: The tool measures what it sees - for accurate measurements, all corrosion products
must be removed and sandblasting is best for this purpose.
. Question: How quick is the set-up?
Answer: Very quick - the tool just has to be placed on the pipe.
¢ Some discussion ensned on RSTRENG, including the inference that with use of in-line
inspection tools, RSTRENG is not required. It was noted that the discussion was not
intended to spark debate about the appropriateness of methods of corrosion defect
assessment. If a pipeline operator has already decided that RSTRENG is the appropriate
method to use, manual methods of data coliection do not necessarily provide enough data or
enough good quality data to ensure that an RSTRENG analysis can be properly undertaken.
The MK 1I tool, if successful, will provide operators with good quality data, quickly and
efficiently.

Wednesday, April 14, 8:15 A.M. Session
Topic: Quality Control Systems for Construction, Repair, and Alteration of Pipelines
Speaker: L. Gerlitz - JLG Engineering

e Survey of representation in the room:
Regulators: 4
Involved in Codes / Standards: 6
Owners / Users: Producers - 4; Transmission - 15; Distribution - 3
Manufacturers: 2
Contractors: Construction - 2; Service - 3
¢ Qutside Canada: 1
¢ Who’s doing what?
¢ Regulators:
e Provincial regulators do not require formalized QC/QA procedures for pipelines
e Provincial regulators do require formalized QC/QA procedures for plants
e Federal regulators (NEB) do have some non-specific QA requirements
o Industry Codes / Standards:
e (CSA standards require formalize procedures for equipment manufacture
e CSA does not require formalized procedures for construction, repair, alteration
e Owners / Users:
e Some require contractors to have approved QC/QA programs
¢ Others require contractors to follow Owners programs
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¢ Manufacturers:
* Required by CSA to have formalized programs
¢ Contractors:
* Generally have documentation systems, but these are not standardized throughout the
industry
® What is the experience here today? / What should the future hold?

Discussion:

. Question: CSA-Z662 requires that all companies have Operating and
Maintenance Manuals. Isn’t that the same as a QC/QA program? Isn’t the
difference just semantics?

Answer:  No, most company O&M Manuals lack critical elements:
e commitment by management to QC/QA
* clearly defined responsibilities for QC/QA
e documentation requirements
¢ defined audit processes

* A consultant, who writes O&M Manuals noted that he agreed with the previous answer.

The attendee from the India noted that the India Oil Corporation operates 7000 km of
pipelines and rigorously follows ISO 9000 and ISO 14000 Series QC/QA programs in
materials, construction, and maintenance.

¢ A contractor noted that his company has recognize that more QC/QA service is required -

they currently provides detailed QC/QA records on CD ROM to owners at the completion of
construction.

* Another contractor echoed the previous comment and stated that their QC/QA documentation

system has arisen from proactivity on their part - not because of requests from owners.
* John Hendershot noted that the NEB does distinguish between O&M Manuals and QC/QA
Programs. _

* Paul Wong asked (rhetorically) - do owners really always follow the procedures in our O&M
Manuals?

* Reynold Hinger asked - are there any other ISO 9000 or 14000 Series owners in the room?
There were not.
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Wednesday, April 14, 9:15 A.M. Session
Topic: NEB Pipeline Integrity Management Program
Speaker: John Hendershot - National Energy Board

NEB is an independent tribunal with a mandate under the NEB Act to ensure the safe design,
construction, and operation of pipelines which cross provincial or national borders.
There have been 22 major pipeline failures since 1991, most from corrosion, 5 from SCC, 3
from slope stability problems, a few from other causes.
The 1996 SCC Inquiry recommended SCC Management Programs and the NEB mandated
these, but the NEB is also concerned with broader pipeline integrity issues.
NEB representatives met with 13 pipeline companies to assess the status of their Integrity
Management Programs and begin the process of broader regulations.
The new regulations include:
e an emphasis on maintenance
e arequirement for proactivity by owners
¢ Integrity Management Guidelines
The Integrity Management Guidelines are not a regulations. Instead they:
e represent industry “best practices”
e allow a degree of flexibility
¢ allow enforcement based on “intent” and using an andit process
The uvltimate goal is safe and reliable pipeline systems.
The Guidelines include four key elements:
e a Management System
¢ a Working Records Management System
¢ Condition Monitoring
e Mitigation
The Management System contemplates:
e lines of responsibility and reporting to senior management
e (raining
e change management
¢ an audit process
The Working Records Management System contemplates:
e access 1o integrity data within 24 hours
e documentation of procedures to track, analyse, and trend pipeline condition
* documentation of records of pipeline condition
Condition Monitoring contemplates:
e Dbaseline in-line inspection (ILI) within 6 months of construction
e engineering assessments of pipeline integrity at 10 year intervals (pipeline integrity
assessment will be addressed in the new version of CSA-Z662 but the NEB has added
the time limit)
e risk assessment (recognition that qualitative rather than quantitative can be valid)
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identification and prioritization of failure causes
methods used to evaluate integrity (ILI, hydrotest, etc.)
incident reporting procedures
¢ monitoring and surveillance programs
* Mitigation contemplates:
¢ criteria for evaluation and action
* consequences
e procedures for repair
¢ long term plans
* Current status of the Guidelines and future plans:
* Onshore Pipeline Regulations and Guidelines currently out for industry review
* NEB will be changing its approach to audits and inspections
* will be developing facility (stations, tanks, etc.) guideline in 1999
¢ will be developing a gas plant guideline in 2000
* The “intent” of the Integrity Management Program is:
e proactive, comprehensive, and continuous integrity management processes
* encouragement to use latest technologies
¢ acommon language in a single document
®  senior management support
® Measurements of the Program effectiveness will be:
* the level of proactivity achieved
the level of information sharing achieved
increased research
direct CSA involvement
reduced pipeline failures

Discussion:

. Question: Is the sharing of information referred to company to company or
company to NEB?
Answer:  The key will be company to company to develop best practices.
¢ It was noted that the NEB has mandated information sharing for SCC - this could presumably
be extended to all aspects of pipeline integrity.

. Question: What is the intent with respect 1o CSA-Z6627
Answer: Hopefully the Guidelines will eventually become part of CSA-Z662.
. Question: The 6 month ILI suggestion - is this really practical?

Answer:  The actual wording uses the term “consideration”. Common practice in industry is
to do some form of baseline tool run.
¢ It was noted that the NEB’s apparent recognition of Gualitative risk assessment is a very
positive step - in addition, guidelines should be issued for carrying out qualitative risk
assessment.
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e [t was noted that some companies have developed structured qualitative risk assessment
methods.
- Question: Are CEPA and CAPP involved in the review process?
Answer:  Yes.
- Question: Are any training specifics included?
Answer: No, concepts only
¢ It was noted that the representatives in the room generaily support guidelines rather than
reguiations. However, guidelines often become regulations later and care has to be taken to
ensure this does not happen.
e It was noted that one of the key advantages to guidelines is that they can be easily changed -
regulations can take years to change.
e It was noted that the NEB intends to make the guidelines scalable to be appropriate for the
size of companies involved.
- Question: How often will changes be made?
Answer: Not piecemeal but when necessary.
- Question: How will the IMP be enforced?
Answer: By audit, based on an evaluation of the level of risk.
- Question: Won’t that be a major change from current NEB practice?
Answer:  Yes, and will require a major change in audit procedures and training of auditors.
- Question: What about the AEUB?
Answer: They have been kept informed.
e It was noted that the AEUB often follows NEB lead as practices become industry standard.
¢ It was noted that the fundamental premise is “due diligence”, which crosses jurisdictional
lines.
- Question: How do companies currently rank in IMP’s from the NEB’s viewpoint.
Answer:  On a scale of 10 - some 2's and 3's, some 8's and 9's.
- Question: Current regulations require self-audit. Will this still be the case?
Answer: Yes.

Recorded by GTH on April 13/14, 1999.
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Working Group 1
Construction, Repair, Maintenance and Geotechnical
(Wednesday Morning)

CO-CHAIRS: Reynold Hinger - TMPL
Paul Wong — Skystone Engineering

TOPIC: Steel Epoxy Compression Reinforcement Repair Sleeve
PRESENTER: Robert Smyth, Petro-Line Group

Objective of the Presentation: To present information regarding new technology.

It shouid be noted that the device discussed is not intended to be a pressure retaining device and
is only used as reinforcing repair over defects found such as those described below. Note that
none of these sleeves have yet been applied to pipelines in NEB jurisdiction. The sleeves have
been applied to sizes up to 24-inch but larger sizes are possible. Larger sizes would require a
heater device rather than hand held devices. Note that if corrosion were considered still active,
then a pressure-retaining device would have to be installed.

A patent has been applied for.

This presentation covered Petro-Line’s efforts to develop a new external corrosion repair
technique for in-service pipelines. The CSA code (Z662) indicates that steel reinforcing sleeves
are satisfactory for corrosion repairs and Petro-Line has developed an innovative way to instali a
steel reinforcing sleeve for that purpose. The subject sleeves have been used successfully for
SCC and general corrosion repairs and for the repair of dents, arc burns, and various other
defects — when the pipeline is in operation. They do not have to be welded to the pipe.

Historically the following have been used:
+« Weld on sieeves

+« Bolt on sleeves

+ Fiberglass reinforced sieeves

» Cut-outs

The “Petrosleeve™:

« Iseasy to install

Does not require line interruption

Provides 100% support for the pipe

Requires no welding

Can be applied in a very severe (cold) environment
Stays tight on the line

Has no problem with disbondment
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After installation the original pipe wall ends up in compression, which is confirmed by dial gage
or caliper measurements.

Petro-Line has a computer program, which uses such data as diameter, wall thickness and grade
to determine the installation parameters. The program tells you if the pipe wall will always be
under compression at all pressures.

The pipe wall is sandblasted and:

« Epoxy is applied by hand to the wall of the pipe

» the sleeve is clamped in place

« jacks are used to hold the clamp in place, (jacks are not used for applying the correct degree
of compression)

» heat is applied

« welders conduct 2 fillet welds on the attachment bars

« sleeve cools and shrinks the sleeve putting the pipe in compression

The time needed from sand blasting to completion of welding is about one hour.
The welds are given a magnetic particle inspection, coating is applied and the line is buried.

Verification testing has been conducted using strain gauges and cycling tests. Two samples were
tested using pre-manufactured cracks. One test sample was not sleeved and the other was
sleeved. In the latter case, under pressure, the pipe yielded outside the sleeve, while the
unsleeved sample failed (ruptured). Another test was conducted using dents, where the dents
were filled with epoxy and a sleeve was instalied. The sleeve constrained the dent from moving
as shown by measurements taken through a hole drilled through the hole and the epoxy. Petro-
Line has installed these sleeves on a total of 504 repair sections since the spring of 1995 without
failure. Five installations have been excavated and inspected to confirm integrity.

QUESTIONS AND DISCUSSION:

Does welding affect the epoxy?

The bars are 50% prewelded, and the field welding burns the adjacent epoxy without deleterious
effect.

Purpose of the jacks?

To hold the sieeve in place only — the heat applied to the sleeve and subsequent cooling applies

the compression to the pipe. A chain is applied with the jacks to hold the sleeve in place.

How do you control cooling?
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Crude oil in the pipeline does not cool quickly. HVP materials cool quickly so the temperature
applied is much higher than needed. No heat is applied after the first 2 passes of weld are
applied to the bars. The weld must be completed before the pipe is sleeve is cooled down.

With regard to weld cracks?
Normally the tack welds on the bars are not magnetic particle inspected. The finished welds are
inspected using magnetic particle methods.

Have these sleeves been used on spiral weld?
Not to date — but if done a cap would be ground in the weld cap or the sleeve. Butt welds would
be similarly treated.

What about the very abrupt shoulder on the sleeve?

Epoxy is squeezed during installation so that moisture ingress is prevented. Close attention must
be applied to the “zippers” during the application of the exterior protective coating. If a tape
system is being used — then mastic is applied to the zipper area.

How is temperature measured during application of the sleeve?
By using heat guns and tempil sticks.

Questions regarding temperature effects/soak time?
The epoxy needs to set and cure. The sleeve must be applied before the epoxy has set. The
“trick” is to heat as quickly as possible.

Has a finite element analysis been conducted?
No!

Any additional testing?

Two sleeves were applied to 10-inch pipe and then dismantled. With no epoxy installed under
the sleeve, 2800 pounds of force were required to remove the sleeve. In the case where epoxy
was applied — 40,000 pounds of force were required to remove the sleeve.

What weld rods are used?
7018 - small diameter.

Required labor skill?
Within Petro-Line, the same crews have always been used for the installations,
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Why Bar Code

T B R P PO A RN M K OO

¢ o Traceability

BAH CODING

¥ o Pipe Tracking and Inventory Controt
Information Update

o Safety, Accountability and Efficiency

o Information Transfer

Symbologies can be broken
down |nto three categones

S

; Lmear Bar Codes

B B R R 5 P B s e R

Linear or 1 dimensional bar codes are the most
pepuiar and they are raferred to as Code 39,
Codes 128, 12 of 5 UPC to name a faw.

o Linear or
one dimensional

Dimensional bar codes include Code 49, 16K
and PDF 417. These symbologies are used to
encoda data in a very small area as on a circuit
board or for applications that require a large
amount of data to be encoded as on a shipping
manifest

. o Two dimensional

o Matrix E

What Symbology Will The
lndustry Use'?

i Matnx Symbologues

© Matrix symbologies have the capacity of
storing a significant amount of data in a smal! ' o Code 39 or 128
space. They are most frequently used in . e ;
small parts making in the electronics and E.as_y to .prmume,xDenSNe
medical industties and for sortation and * Limited intormation
tracking applications in the transportation and ’ » Most compact
freight industries. The most popular matrix
symbologies include Dala Matrix, Code 1 and
Maxicode.

* Shaw Pipe Protection choice

Barcoding - Paul Poirier, Shaw Pipe Protection 1
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CSA Standard

T ]

Pipelines conform to CSA Standard

Pipeline steel/coating standard updated
every two years

CSA bar code standard adopted in 1998

Working Group 1

What is Shaw Pipe Doing?

A R A SRR

AR

o Implementing automated bar coding at
Canadian piants

o Working with manufacturers and clients
on EDI of information

o Developing technology to print 1
dimensional bar codes directly on
surface of coated pipe

3AN CODE AN STENCE.

f':" sC, ID‘H‘ CHECKS .

T ADCTRACY

INSIDE.AND-OUTSIDE ©AFPLIED 7O QUTSIDE PPETHROUCH MILL
BARCODESFOR - * . COATED SURFACE OF PIPE

Barcoding - Paul Poirier, Shaw Pipe Protection
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The ECHO Pipeline
Integrity Management on the
ECHO Pipeline

~ Presented 10. Benf99Pipaine Workshop:
Marugise Prpeine hiteunty - Tecluwloges for L
New Mullenreum

Date: Apn'i i3, 1999

Presented by David Kulcesr

Hardirty Oporutions Enginse
Gibecn Petrcleum Co. Ltd.

ECHO PIPELINE
Presentation

ECHO Pipeline

D. Kulcsar, Gibson Petroleum Co. Lad

Working Group 1 Session 1

(5.G.=0.986) to Hardisty a distance of
153 km

® it was constructed by Gibson and Ranger
and has been operated by Gibson since
March 1997

a hot oil pipeline
« the design operating temperature is 50°C to
95°C
* no condensate is required
o ECHO heated pipeline technology uses
higher crude temperatures to reduce

viscosity .

=t
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Backaround

o advantages of a heated oil pipeline nclude
+ lower pipeline/producer capital costs

* lower pipeline/producer op costs

- increased pipeline capacity (~20%)

« simplified pipeline operations (10 blending)

« inc. Marketing flexibility (custom blends)

» no additional investment to meet 350 ¢St

Background

#2+3 o disadvantages of a heated oil pipeline
S3% < the pipeline mmst remain in motion as the oil in
the line is continually cooling and couid set up
if its temperature drops too low
* response time to an upset is critical (2-3 days)
« contingency plans include diluting the pipeline
with condensate prior 1o & planned, prolonged
shutdown

Response Time

i

1]
|

PIPE TEMPERATLIVE (C)
L §
|~

T ‘

. - - -
TIME AFTER SUT-DONN Muyw o Fob 15}

D. Kulcsar, Gibson Petroleum Co. Lid
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¥#;x4 o the initial design parameter was to minimize
3% the heat loss to the environment in order to
54153  maintain sn acceptable viscosity
2% 4 e during the design it became apparent that
"~ there were ovemding environmental factors
» freeze/thaw cycle on the Right-of-Way
¥ * root zone temperature effects on the ROW
% o during construction, 2” of insulation and 6’
§  of cover were required (environmentally)

Seasonal Frost Depth
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Pipeline Coating System

% Pipeline Design & Construction

» other design/construction issues that arose
from the insulation were
= cach pipe joint had to have the Coating System
applied in the field
* consistent compressive strength is required in
the insulation 1o accommodate bending (or usc
a mandrill)
» cathodic protection is not effective through
insulation (great care is required 1o ensure the
integrity of the coating system)

& combined Hoop and Longitudinal Stresses
m (2662-94) imposed a design Limitation of
59°C - maximum pipe AT
« ambiant temperature during construction was
- 40°C
= normal operating temperature is as high as
100°C
= at some sections of the pipeline AT= 140°C
« thus, the mstallation temp had to be chamged

D. Kulcsar, Gibson Petroleum Co. Lid

Working Group 1 Session |

4 Pipeline Design & Construction

%54 o during construction, hot air was blown into
YA the pipe to raise its temperatire to 55°C
* large sections of unrestrained pipeline were
heated and then backfilled (typical ~ 1.5 km
took 6 hours)
* prior to doing tie-ins of two large sections,
the pipc was heated in both directions for a
minimum of 100 meters (virtual anchor)
* the insulation allowed 4 to 5 hours for the
tie-in io be completed .

P Pipeline Design & Construction

E53 o a detailed stress analysis was performed to
=3 allow flexibility on the pipeline and
eliminate the use of anchor biocks which
could impose stress onto the system

* block valve sites and pig traps were located
in close proximity to pipe bends
o during construction, foam was installed
around all risers 10 accommodate movement
(2” at the block valves)

Operational issues

® The heat will promote the activity of any
corrosion cells if they can get started
« CP will have little effect through the
msulation
* be proactive in minimizing corrosion activity
(chemicals)
= routinely monitor for corrosion activity (pig
yield, In-Line-Inspection)
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Operational Issues

= personal protection (pipe temperatre)

+ equipment opersting conditions (ambient air
% temperature)

8 o pipeline operating temperature

® response time

Conclusion

73 The ECHO Pipeline had many design

a8, considerations that had 1o be addressed
before it could become operational, but
once all issues were addressed, it can be
seen as a pipeline with a bright futwe.

D. Kulcsar, Gibson Petroleum Co. Ltd
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WHOSE DOING
_ QUALITY CONTROL WHAT?

SYSTEMS

« GOVERNMENTS
 INDUSTRY CODES AND
for the CONSTRUCTION, STANDARDS
REPAIR and
ALTERATION « OWNER/OPERATING
of PIPELINES COMPANIES
« MANUFACTURERS
Y o « CONTRACTORS
SOME CURRENT INFO |
SOME CURRENT INFO

* GOVERNMENT REGULATORS

 PROVINCIAL REGULATORS OF  INDUSTRY CODES/STANDARDS
— CSA STANDARDS for ‘equipment’

o
PIPELINES(?) (pipe, fittings, flanges, valves) in the
7245 series call for the manufacturer to
~ FOR PIPING IN PLANTS UNDER have a ‘documented quality program in
PROVICIAL REGULATORS accordance with’
(e.g. ABSA, SPSB) s CAN/CSA-1SO 9000,
+ an approved QC System is mandatory for = ISO 9000, or

the Construction, Repair and Alteration of

. . « API(Q]
Pressure Piping (by all that do it ) Q

— CSA STANDARD 7662, “Oil and Gas
Pipeline Systems’ does not require a
quality program for the construction,
repair or alteration of the pipeline.

— SOME REQUIREMENTS BY THE
NEB Onshore Pipeline Regulations

= Materials Control ‘A company shall develop
a quality assurance program for the purpose
of ensuring that the pipe and components to
be used in the pipeling meet the
specifications referred to in section 14°



SOME CURRENT INFO

« OWNER/USERS

— Some require contractors to have
documented and approved QC
Systems but don’t have them for
their own owner/user run jobs

— Some require contractors to have
documented and approved QC
Systems and require owner/user
run jobs to be under the

owner/user documented (and
audited) QC System

— Some owner/users use the ABSA
approved QC System (for piping)
for their pipeline jobs

SOME CURRENT INFO

« CONTRACTORS

— most have an documented quality
control system that is offered to
the owner/user for approval

— the quality control system is not
necessarily to a recognized
industry standard

SOME CURRENT INFO

« MANUFACTURERS

— for CSA pipelines, ‘equipment’
manufacturers are required to
have a documented quality
program under:

* CSA CAN/CSA-ISO 9000
» ISO 9000, or
« APIQ!1

WHATS HAPPENING
NOW?

» What is the experience of those

here today?
— Locally
— Canada

— other countries

» Government Regulations
* Industry Code/Standards
* Owner/Users

« Manufacturers

« Contractors

* Producing vs Transmission vs
Distribution Companies



WHAT DOES (SHOULD)
THE FUTURE HOLD?

» What do you think needs to be
done in the future?

* Government Regulations
* Industry Code/Standards
» Owner/Users

« Manufacturers

* Contractors

* Producing vs Transmission vs
Distnibution Companies






John Hendershot

NEB Pipeline Integrity
Management Program
Guidelines

' John Hendershot

Canadd I

Topics of Discussion

* Background and Objectives
* Content of Guidelines

* Status and Future Guidelines
+ Conclusions

Canadsy IR

Role of the NEB

e s

* Independent regulatory tribunal reporting to ™=
Parliament through the Minister of Naturat
Resources... NEB Act/Onshore Pipeline
Regulations
ensure safe design, construction, operation and
abandorment of international and interprovincial
pipelines
» Jurisdiction over 40,000 km pipelines currently 48

gas/ 29 oil

Canadi NN

.

= 22 pipeline failures since 1991

* Stress Corrosion Cracking Inquiry in 1996
recommended extensive SCC management
program

* Board also concemed with broader aspects of

pipeline integrity

Dialogue with 13 regulated companies

Canady IR,

Revised Onshore Pipeline
Regula{iogg

move from prescriptive to performance -~

based, goal-oriented regulations

.

» increased emphasis en pipeline maintenance

* requires companies to be more proactive in
managing risks

guidelines accompany revised regulations

Canadi IR

~NEB Pipeline Integrity Management
Program Guidelines

Guidelines Vs Regulations

* Guidelines are not regulations but...

— are advisory in nature and represent * best
practices™

- allow degree of flexibility not possible with
regulations

— enforcement of regulations will be based on the
“intent” of the guidelines through audits

Canadi I

3/3/99



John Hendershot

Objective of Guz‘dgligﬁgs\

* ensure companies have comprehensive =
integrity management plan in place and
provide the NEB with audit baseline

* ultimate goal...pipeline systems that are
“suitable for continuous safe, reliable and
environmentally responsible service”

Canads IR

Content of Guidelines
o

* Four components
- Management System
- Working Records Management System
- Condition Monitoring
- Mitigation

* CSA Z662 and OPR references

+ Continuous process

Canady I

Management System

* Scope (facilities, objectives)

* Lines of responsibility and reporting
requirements to senior management

* training requirements
+ change management procedures
* measure of effectiveness (audits)

Canady N

Working Records
Management System.

access to data within 24 hours (pipe specs.
mapping data, repair and inspection history)
documentation of procedures to track,
analyze and trend condition of pipeline

» documentation and records of pipeline
condition {maintenance procedures, safety
audits, system changes, historical records)

Canads NN

Corndition Monitoring

+ In-line inspection within 6 months of constraztion
* Engineering Assessment of pipeline integrity

— 10 year intervals or less

— addressed in revised CSA Z662

— ILL, hydrostatic test, dig data, metallurgical analysis
* Risk Assessment 1o rank segments

— thought process invaluable

— qualitative Vs quantitative
Canad: R —

NEB Pipeline Integrity Management
Program Guidelines

Condition Monitoring
(continued)
TR et

.
. . . . - SR
identification and prioritization of failute "

causes (corrosion, manufacturing defects)
* methods used to evaluate pipeline integrity
(ILI, hydrostatic test, digs, CP surveys)

incident reporting procedures/failure cause
analysis

* monitoring and surveillance programs (line

patrols, slope movement
Canad3 h

3/3/99



John Hendershot

¥

» criteria and procedures for evaluation
imperfections/ repair

priorities

taps, hydrostatic retesting, pressure
reduction)

Mitigatio

"+ consequence analysis 1o establish repair

* mitigative measures {cutout, sleeving, hot

F1

* plans and priorities (short/lone term
Canad3 “

Guideline Status and
Future B

» OPR and guidelines issued for commentin
January...industry comments pending

* NEB changing approach te audits and
inspections

* Facility Guidelines (e.g. stations, tanks)
target late 1999

» Gas Plant Guidelines target vear 2000

Program Guidelines

(ILL, RA, EA)
- commeon language in one document
~ Senior Management support is key

Canadi

Conclusions

i~

* The “intent” of the Integrity Management

~ proactive, comprehensive, continuous process
- encourage technology and analytical methods

Conclusions (con_ti;guea“g

* Measures of guideline effectiveness
- companies proactive
- companies sharing information
- increased industry research activity
- direct CSA Z662 involvement

- ultimately, a reduction in pipeline
failures

Canadil I

~EB Pipeline Integrity Management
Program Guidelines

3/3/99
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Strain Readings of Pipe Under Sleeve During Sleeve Installation Process

A Pror io nstailagion -
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Frdyr 10 srtailator -
Vesze Fress, D psis
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Vassel Press. 400 pig
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Time Line tor Sleeve Instaliation Process

t:— Strainin Pipe Under Sieova
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Peiro-Line Upgrading Service Lid,

PETROSLEEVE INSTALLATION HISTORY

FIPE NOWMBER ST
DIAMETER SLEEVES

(NPS) INSTALLED PRODUCT | CORROSION| DENTS SCC ARC BURN | TESTING OTHER
24 449 CRUDE 174 253 2
20 7 CRUDE 4 3
18 4 SOUR GAS 4
16 1 GAS 3
12 2 loRUDE & LPG 2
10 37 LGP, SOUR GAS 33 1 3
g 3 CRUDE 1 1 1
6 1 CRLDE 1
TOTALS! 504 213 4 257 1 7 22

PETROSLEEVE Inslallation Summary

Decamber 31, 1898







- aoran TR RN G_GRoul #[ Yy

Tuesdey 177
Nome A I oo
DIENIS TRAIE i CeXRILo )
VNS . LIRLnl 7T,
SRS SeodT LAl 0RE TIOELIAIES Lo,
cuen Eaponan) Tean s CAUADA MWD 724
Bunecr (Creetwmtcrocn ,@WAIA)A /D ok ik
Ren e Yoot 4 € u R
?EKT' _Sonnsors Gui—' /QQ&M ZES&,{RC&S L1/ TEL
/%Q/} KL1&/ AL — sty ot OFERATANS LyMiTan
.-QL«du S‘Kte'me,\" %‘k&kq\ O\ OPERATIOMNS Sl i TE0
v "W
izm\l‘ﬁf“\" gm\'\—\‘\ /)\!\\rmr\a[‘i /nat\maemon‘]‘ SQ\N/FM_‘E
Do o Taselin Usrsr Tmbopradoz=2 LEd
/{ﬂ 2w SUbhrpine of A fetr
Jim SRonSm\ ﬁ Q'Mué‘
Sreve  C coreR CANISYES CGrower Torc,
H. P BRE ky untan  Ort  (oRPeRATION L7,
PIAELINES DIVIS/ON . NEW DELHM!I L rND /i
ﬂ/'m jfe&lxef | rproecfh’/’ ﬁ//m//e/e; /7/'/ [ne
/Mar\« \(0979_, 33X \/ehr\u CQhQC&Q L“'d
S-u’u wﬂamm Stamw Pae oA LA,
Kaw. W, i @Jc
O faxesZL & 50 Ao e
- OREL ML ColLioel FlPerre (TOnss MowTAw 7
Dare Dye Kemncont TneRvein o Iae,

) & b /%f« i !l:péo_ 57;0/(‘,-\)\‘ 2




WORK/N € ol #/

Tuecdsy [0
S A
/vérnk Af;/ D P
G & BeoFr XK. AN,
LYAE  GEPUTE Tl G ENGINEERSG LTD .
ST1EVE I, (7/2/:0«/ 7405-

R\-\; <2 jn’)u.dk\-l

%{M //éf‘:»é (f{

No- FW\?\C AL mﬂ\j\ (qnw ij

/pr 1ep Al B2 /Bened

Eo MCenerd

Westiorsr Eaexe?  Muc.

RZO/LGL Salnhuj

T eomds Clami A ‘p]p@oe‘s )

L utrd flodlft

Ca/t Zgisreer 225

a %M%Cza,/

W
C P N kel crm _Sevvsoer ZAA. _

KEN’J_DAN Y u K /p/f-w'é-f{ou ot 4 Cor Powarvors

Brad Watson Trans Canadg P/t

Nark Yeornans Trans Canadla.  Y/Z ]
Don’ Fososgueis WM o T
ol Tr\)clo,l NER
F;MJ /r'f (ﬁfzsﬁ«;% I:MC.MC-L

Mo @‘H'@m | roms Mow vitun e Line

Seott O up(ron Chevn Canada Baswrcea
Anton  KAcienik, Everinge Consvtsrs GAS

BeRLIN WRNG

T ARNS - NOLTHEEN _ PrPECINES 1AL .

{

poel. BILLETTE

f (D [21,::&/1-734 fm__
YAETURFL REsouUkess CAVENE

=

B Tedwalogy - i




WeRling Gﬂayp‘ #/

TYECOAy I:ho

AME

AP (LT IeN

Beerir)  WANG

_ Avron. Kacienk

“TRANS = NOLTHERN, _ PIPELIAES._ 1Al
Enbnnc.s: Consuners GAs

F-(CLM.IQ P( C S‘JVC-'\SC-rv

o ——

FMQM <1
Ma Sttem . “lvans fﬂoun'(wm Fipe /e,
Seotr Ol PRATT Cueven Gronpa Besosbre=,
MNext Toomaseen Toewuss msemastss s
Breo Watse~ TP
Mark Yeomans TCcelL
Dons Pepsand Nai- /m_._gmmm AL B
_Pa_gl. (TY"UO\-Q,\ Mtgl v '
1 Joad Wallpez.

/7 éa;:n;;.g@ ¢l pe,

MUCKEA | & SeRESBND

ez, Ve e AaD /

LEw Dawsiiue

riw _Alesber 7

/% NELOITH C O LORFITOI

= MR

W/ L

Kezna Snbrey

Wesropsr Buerey /¢
TronsCanado. Ppclarts

AYAE. (el T2

(o €S S T

Tl ENGIREERING LTD
2., GagR

YERENC PAVAW)

B.C GAS JTILIY)

Sa 6\\50\(0 hgﬂw 5:4@‘&‘ e

PREL Bt T D trnnl) Patounseg Cormad
qus Alav0En 7RANS Munﬂ?#m) 1PE émE
mmCMuibm

Sl A oA

G bsn FRtveleuyn
5igsp.) SRy

STEA £ .5/4&/\/

& AN PPE-

Mace-Clanfal ([ Diore.

~ 1

Nakiow 8l

Jo~




WorKiwg Greve ¥ [

Tves )Ay 330
NAME_ A FALIAT ION
e =
O Al 5eka)
Dae Dveg Ke ma cnat In-l*érna.‘l') 04
GReC ML CoRLINC FiIPELYE / TAAY Mm.w)
Kaw wy M Caneds
Sauf wd:mem Lonw e Poodeibon Lol
m&«-\’\ \‘(mu.. < ? dﬁamh “w
j m_5 7‘2&91/&5 ga ap%f'fe Tﬁﬂé/ﬂw’é’f 4 /

HeRsvkH PARE iy

STevE oo PER

Inpian Grt  Corpossrion L1 (pelEne.
IND /R D iSpaw

CTANSPEC. @RowP Tadc.

,4_0 barte RN ldneritnn, (riv. 7 ﬂ‘é&&,

Aoy, KLICAR tenk{ Ol EPEILATINS L IMIED
72110& qg,}ne{' #Ms.ky o m_.aﬂQH_STQQ_ _
n\\Qr\L g}’h er\f\ /l'/\ RVARN f‘m\ 5/hn¥\a~c40moﬂjrs'a°m(

. Bnbu E&T&Mﬂa

Decenr ot AU

2 j QAL

ﬁuu"@ﬂm @M

V?@L{. W . ScHU RaRT

Sttt CaPdRARDI AiMmIiTo D

Drmmts TRuIIEAA

CLRR PR 0




Womktins &Rre vp ot
wWedvesday  Ear

NAME A2 1L/2T/ 0%

ot [ondecihor V=P

b Smyzy . S rlnevE

ke CnaCa - ‘ PN

(5r2RY /%%/ A//a?mﬂ Cong.

Tles Chanay T 2sustins L.

< gl LEMO & blAH P

Sondy WY rnSan Lams e Pooteeha, Ll
Lloste /45’41..».9‘—7% (/’_Cifdl

Roora_ Salnand TransCinoeola D\pcz AL
(fb'-}{ Her vieutr Ateo ‘D{ﬂe,f:—\ s

AE}J 724-;\/:// e /< /2‘1—)\)5/? it T2T (’a,:eﬁﬁaf—f—}-zm./_
7 dpe. KAR\[OUEQ " Tranlana MDD 2eAan

Yoo al fZR s b /Vﬂf—&ae Ereigy A/e«zé«_«m__
1 R’C)k.l‘ W SCyuBoAeT SHell Qﬁr)r’cor* bt T

AYLE GERLITY TG EaJGHEERNE HUTD .
L e F‘[M(‘)Efl “Tomert Mewvruzy $ooe Lo
[%'r roan Ml u:éuu’//r (nteg I e X £, T, s

gu dcm/-ue (l8sriznid) /'/,"quﬂcf.c

ol Trudel NE B

Marie. -Chantal { abrie AETS

Prisw Nessrr atoslaL Erdsy /go/%}\

QA Cop0T W CAISRON,

DaLe  Dve KEMMCOBT Tw1eR0BTIONI Tak
TERRY KIATT foorBpcS L A2 LMES LTD




Wofk'hf er L /

14 Apk 1939 "Jﬂ‘!‘__“_”gb &1 .

N W AEALIAT 100/
—————— e
[. H. prREKH fND/;?N O Coﬂﬁo%v--rf.w ‘-fﬁuo .
TEL  OrviTiow OIJH . I
Fod Sl ¢ j )

_______S}me//x/:é /an

(é / /7%'///«’/1/ 7

PRAD WATSON %s&wwﬁf BeeLvE
bou.é’ &OA/?/ ek :——é;'-:ﬁh&ﬂ/‘ LN ST e,
LACRY  HunT WESTCORST __ siseny

LPOEL (B/ILUBT‘TL’

— |¥ruce

BERZIN WANG

Nu-Te fax u]ﬂm,e_‘a__‘__“

TEZANS - NOLTHEEN) PIPEL (pAES

J‘BA—NMA MA@MH—SJC/}

EneRIDae D sunERr S afS

ﬁC”Lr_, filﬂ-ﬂjf'b £ A A!MO(Tc-Q

%Lf N
:’DM/ /ﬂm

A/J@.e’gqu, as 55_,__:

TRENs CAN 4D4 ﬂPe(«me:

RW (um&}%




WoRbig Ger P F |
NEWETDA  1%:30

rMEe AL AT 00
———" - E—
Sf:)\d& ‘L’T/A SO E (T'é;_u.ﬁ Mor-c,../rx&.-_xf %E_ éIAfE
L& PARELH Jonign Q1L CeRPAATION LT D-

CF’JPE;/N:—; Dy 54.93:) woi P TRNAs K

(ol=A ST T

-—-———w LTI\

R _GAS
!4 .

Lhute 5/.\/ &/197/{

b

ﬂ/’ /7/ /ﬂ?/ﬂﬂey /ﬂj

BRAD WATSON

(CPL.-

Aa,r-mr\ PDinoudzer

Eleet Tochna lm v L,

DELTON GRAY

ATCo  PPEIN f:..S

pee] B)le He Palual Leipuntoo Coweatla
narie—Cloundal L abri NED -

Paal  Teudel NES

ﬁw Coopeck (e srern /;wc(g, i3
FERENC PATAK\ BC FAS Uty
ERAaz_ L@A-r.c._.-f_g.'—:‘m/{ IALM-:W
AYLE  (FEPUTE JLG EplerndCELIG LTI,

Tim [Segnson Canusa

:_Rd(\) Ee‘ mgyt\r

UA_NATA_&JL@_L.}_LLL

B}‘/ s j?kj\:’f o/

/,. /’f’(](f-_ﬁ/ f?c ;‘q‘a . )7{ ,
P4
AN T E

Su
A&&M

VED.

Lor fanoen

TRA5 Myonrsins LE s




WoRk NG beop 2 /

WE‘DH%D/?( /"4 .? - —
NAME APIAT 10w
'T@P}P{V KLATT 70465 A2 20 wiis 7O _
f’qu X/'/C // (LTeol Gm (zd b
daba Crat 4 PN~
%WX_LMM Shaw Pvpe Pl L.
Nex Toomassen THOMP: _Em%%hmtib

Cort LSnst.

Darus RooucseD

km»\, W 3M_ (emde,

BRonw Mo s@i77 Mazmoas gpgeny &Aé‘z)

QK 6000 RLLOW, C A nlOM

Dare Dye Keriacont Luzecadrionn, Zae

Renier Saine/ Téans canapa Bagings

o ¥ L.a 2-9_,“ Wieelcomactd Z?nﬁlg_\;z__i—_'ﬂg —
1 KL 1Ciak AlusLY OIL. P ETUTIONS Lim [TED
Qwol Steinc— Busle, ot operntioss Cinycen
\'\\\,uovxm \_jgks \D\mmm \wbay/eu’fs)

BibL TYs0N CHNMET
XEH ,DA,-/VL [P PL’N&Z{»J T C&eﬂam.,_g

T im Fteeves

Lo actove _7:04//'&/%45&; 2ot/

WDand, W Pusiz o

[/

ula orze :m%m{/?’ '

) BsTeonsT t/vz'i%v,_ ZaE_

okt Sinel Al
[Srg .

RS T COAST LMY INC,




Banff99 Pipeline Workshop Working Group 2 - SCC

Working Group 2A - Stress Corrosion Cracking
Tuesday, April 13, 1999 1:15 p.m.

Evaluation of SCC Defects

Co- Chairs: L. Blair Carrcll, Enbridge Pipelines Inc.

Dr. Martyn Witmott, Brodero Price Coaters (Absent)

Objectives: _

Familiarization with SCC assessment models
Identify applicability and limitations of models
Identify future work if required

Presentation — Evaluation of SCC Defects: How do we determine pipeline integrity
Dr. Carl Jaske, CC Technologies Inc.
(Refer to presentation slides)

Open Discussion Period 1:44 pm

Bill Tyson {(CANMET), Work is being done in collaboration with the industry on the approximation of crack
failures using finite element analysis. Many current models are based on empirical results rather than FEA.

Carl Jaske (CC Technologies): advances in crack failure mode predictions will include ductile tearing of
cracks.

Blair Carroll (Enbridge Pipelines), Question: For SCC inside corrosion, how accurate are the current models
for estimating failure pressure? Group, Answer: general agreement that models are applicable provided that the
total defect depth used is depth of corrosion plus depth of cracking.

Valentino Pistone (SNAM), Question: Has the Canadian industry found bacteria to be associated with SCC?
How about corrosion pitting? Barry Martin (Rainbow Pipeline), Answer: No bacteria has been found and from
Rainbow’s experience, very litile pitting corrosion is associated with SCC occurrences.

Barry Martin (Rainbow Pipelines): In dry soils we have found SCC and it has been noted that litte corrosion
has been associated with it.

Peter Merreck (Rainbow Pipelines): SCC is proportional to tape application. If tape is in good condition, it is
likely that SCC will not be found. The morphology of SCC appears to be linked with s0il conditions.

Jim Marr (Marr & Associates): What actions are being taken by individual pipeline companies to address the
issue of coatings? How do we document what we’re looking at? Rainbow program included new parameters —
look at tape overlaps. Must be careful not 10 destroy evidence when doing digs. SCC without corrosion has
been seen. At the end of the day, this all boils down 1o integrity concerns. Documentation is critical. Measuring
amount of disbondment is becoming an issue for companies.

Blair Carroll (Enbridge Pipelines), Question: What are the current capabilities of in-line inspection for
detecting coating disbondment? Martin Phillips (Pipeline Integrity International), Answer: Efforts through the

Rapporteur’s Report - Juan Mejia, Enbridge 1



Banffo9 Pipeline Workshop Working Group 2 - SCC

Elastic Wave User’s Group are looking into detection capabilities of disbonded coating but, cannot comment
current capabilities of the EW Tool to direct minor disbondment. We could use the help of pipeline companies
in collecting field data of disbonded coatings to compare to the data gathered by the ILI tools.

Mimoun Elboujdaini (CANMET), Question: What role does hydrogen play on the SCC and how does it affect
the life prediction? Carl Jaske (CC Technologies), Answer: We know hydrogen plays a role and is considered
one of the mechanisms in crack growth, The experimental data that has been used in modeling crack growth
does incorporate the effects of bydrogen.

Mimoun Elboujdaini (CANMET), Question: Are the effects of hydrogen more evident in clean steel? What
about the heat affected zone? John Beavers (CC Technology), Answer: Not identified as a real issue.

Blair Carroll (Enbridge Pipelines), Question: Current assessment models are based on evaluating defects in the
pipe body. Are these models also applicable to defects located in the weld region? John Beavers (CC
Technologies), Answer: There are small changes that need 1o be considered due the weld profile as well as
toughness and HAZ near the weld region.

John Beavers (CC Technologies), There does not appear to be any work done in comparing differences
between SCC in liquid and gas lines.

Blair Carroll (Enbridge Pipelines): Should the industry be Jooking into differences in morphology in the SCC
found on liquid vs. gas pipelines?

Susan Miller (Enbridge Pipelines): Enforced Blair Carroll question - the industry should compare the
experience of SCC occurrences between liquid lines and gas lines. We should promote better investigation
efforts into differences of SCC found on liquid lines vs, gas lines.

Herbert Willems (Pipetronix): There have been some notable differences in SCC found between gas and
liguids lines. SCC in gas lines is found mostly near weld seams. With the oil lines, SCC has been found
mostly the pipe body and there has been no notable correlation with SCC found on the weld seams.

Tom Morrison (Morrison Scientific), Question: Is the information regarding differences between SCC on
liquids vs. gas lines readily available from sources like the SCC CEPA database? Group consensus identified
that this information is not readily available and helpful information such as the Rainbow data is not included in
the CEPA database.

Session Summary 2:40 pm

Blair Carroll - Summary of Relevant Action Points

1.

Projects investigating the differences in defect morphology, initiation and growth between liquids and gas
pipelines might assist in refining assessment and susceptibility models

Careful characterization of coating condition is needed to identify the minimum extent of disbondment
necessary for SCC initiation and the information should be shared throughout the industry

Rapporteur’s Report - Juan Mejia, Enbridge 2
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- . Banff 99

SCC Session

SCC Colony Assessment

J.E. Marr Associates

L,

*. BANFFMS
: .. PIPELINE . 7o
oo i WORKSHOP . 7

-,

Y.

S,

Y
Scope

® 10 assist with the characterization,
documentation and assessment of SCC

Jim Marr, J E. Marr Associates ‘ 1

Managing Pipeline tntegriiv: Technologies for the New Millenium
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Banff99 Pipeline Workshop

Presentation Overview

® theory of MPI

® inspection techniques

@ classical and non classical SCC
® SCC characteristics

® colony interpretation

S

® colony documentation

® colony assessment

Managing Pipeline Integrity:Technolagies for the New Millenium

Magnetic Particle
Inspectlon (MPI)

Figo i s g kengitud nol SToss secion throuSn a Dlece Of ragnetizes matene!
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Magnetic Field
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Jim Marr, J.E. Marr Associates

Managing Pipeline Imegrin :Technotogies for the New Millenium

Working Group 2 - SCC
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p

_6 Magnetic Particle
Inspection (MPI)

Fig. 3 reoresents how a discontinuity orented poralet to tne mognetic field
in the ooject will have far less effect on the field than c discontinuity perpendicular
to the fieid.
Defect Perpendicular Detect Paralle!
1o Field — to Field
. - -
7/} =
P - Magnetic Field —

Qrientation of Discontinuites

Figure 3

Source: Magnetic Panicle Testing
Mecharrca races & Tecnnceges Deoorimert
Sowthern stoorta irstute of Tecnnology
tAT 903

Managing Pipeline Integritny Technologtes for the New Millenium

. Magnetic Particle Inspection
(MPI)

® Wet fluorescent (WFMPI) |
® Black on contrast white (BWMPI)
® Dry powder

Jim Marr, LE. Marr Associates ‘ 3

Managing Pipeline Integriny:Technologies for the New Millenium
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¢

® Advantages

e

Working Group 2 - SCC

Wet Fluorescent MPI

Generally less expensive than ®
BWNMPI method

®
Inspection rate quicker than
BWMPI method on longer °
investigative sites

e

Higher sensitivity
Weld indications more easily
identified

® Disadvantages

Longer set up time

Requires more inspection
equipment and personnel

Difficult to document SCC
Difficult to photograph

Marnaging Pipeline Integritv: Technologies for the New Millenium

® Advantages ®

Less set up time e
Requires less inspection time @
Easier to document SCC

Easier to photograph SCC .
Easier to present SCC

Can be completed by a single
person

Jim Marr, J.E. Mar Associates

Managing Pipeiine Integrity ‘Technologies for the New Millenium

Black on Contrast White MPI

Disadvantages

Can be expensive

Pre-mixed solutions requires
larger supply on hand _
Mis-interpretation of SCC like
indications



Banff99 Pipeling Workshop

Pipe Preparation
Reqguirements

S

Working Group 2 - SCC

® Requires a system that adequately removes
coatings, primers and hard corrosion
product deposits

® A surface preparation that promotes MPI
Inspection

b,

‘\.
Parameter

txher N

Location

Flectrobyvig pH
femperature
Electnahemical Pitentizl
Lerram Conditons

Crack Loeation

Crach. Moephiolow,

Jim Marr, 1E.

Managing Pipeline Integritv: Technologies for the New Millenium

Qlassical

« high pH

« spicaliv within (2 miles (30 hm™s) uanstoeam froms 3
COMPressor station

« decrease in number of failures moving downstream from g
compressor station, with decreasing lemperalure

* high pH {(electrolvie pH hetween B.S and 1)

* concentrated carbonate - hicarbonate solution

» prowth rate decreues exporentially with temperature
decrenses

» narrom £.P. range in the presence of 2 bicarbonate
arhonte environment, anging from -6 0 =700 my -
~off potentials 10 determing C P, fevel

o souls generally dn. well drained - caniw achiese CP. lesels
(C.F. <E50 m\ - —off potential™

» condition that damawe caeting

» pencrally in pipe body, boneath disbonded coating

(¥

* intergranular, naress tight cracks with o evidenee of
seponclary Corromion akon: crack walls
o muay be branched

Marr Associates

Classical vs Non-Classical SCC

» low pH near newral

» coderiis detested immediateh from compressor 1o 79 miles
downstream: mare significant SCC withtn first valve section
from a compressie station (i.e. fing 15 miles)

« iom pHtelectrolste pH berween 6.0 and 8.5)
« dilme bicarhonare elactrolyte sohation

« no apgriney eofrelation with remperanme of pipe

« a1 fioc corrosion paential (- 760 to - 790 mV} for ssphalt, oo
2 Ezor fur wpe coatings - use “off” p!ﬂﬂ.ﬂk”m
C.P level for asphalt coated sites
» variable depending on coating - i.e. t2pe and asphalt
» conditions thar deerease coating adhesion and marease
shielding
o yencrally associatod with weld areas - lmt_mlnd
girthwelds, exential 10 have dishonded crating
» can b associated with high ares anas, such as m
fouges of toe eracks

» transgranuiar, mix mode at arach tip. wider crackswﬂl
evigenex of eorrasion along crack walls

Managing Pipeline Integrin :Technologies for the New Milienium
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Banff99 Pipeline Workshop

ing Group 2 - SCC

Classical v
Non-Classical
~ SCC

# Classical 5CC
diswribuzion pattern

Managing Pipeline Integriny: Technologies for the New Milienium

Classical vs Non-
Classical SCC

® Non-ciassical SCC
{magnified)

Jim Marr, LE. Marr Assoclates

Manzging Pipelme Integ Aillenium




Banff99 Pipeline Workshop Warking Group 2 - SCC

Y SCC Conditions

o~

Three conditions necessary for SCC

Source: NEB, 199¢.

0 1. E. MARR ASSOCIATES
(CANADA) LTD.

Managing Pipeline Integritv:Technologies for the New Millenium

Y
Colony ldentification

® All colonies require an unique identifier
® document position on pipe - location

® orientation of colony - shape

@ identify severity or significance of colony

Jim Marr, J.E. Marr Associates o 7

Managing Pipeline Integriny: Technologies tor the New Millenium
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|_ocation of SCC

® Body
® [ongseam
® Girthweld

Manazging Pipeiine Integriny: Tachnologies for the New Millenium

| ocation of
SCC

& SCCaziong .
longseam (beneath

dishonded cozting).

& SCC zeross

cirmmweld

ASSOCIAles T e e
ing Pipsiine Integrity:Technologies for tre New Milienium
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Banff99 Pipeline Workshop

Managing Pineiine Integrin::Technologies for the New Milienium

L ocation of

® SCC within pipe body

® SCC near longseam -
on spiral weld '

| ocation of
SCC

SCC along longseam

SCC

Jim Marr, LE. Marr Associates

Managing Pipeiine Inmteg-in:Technoiogies for

the New Milenmium




Banffo9 Pipeline Workshop Working Group 2 - SCC
g ___ Location of
SCC

® SCC in channet
comrosion

e

& SCC in pitted channel
corTosion

Managing Pipeline Irregrity : Technoiogies for the New Millenium

e SCCinpimed
corrosion

® SCCin combination
corrosion {general
and pitzing)

A

JimMaer.E.Man 1ates . o e v N S
’ Managing : :E}em ImegritviTechnologies for the New Millenum

10



Banft99 Pipeline Workshop

i~

Working Group 2 - SCC

| ocation of
SCC

& Toecmck before .
buffing

® Toecrack
zssociated with
SCC {after buffing}

2 Pipeline Integrity: Technologies for the New Miileniun

Managin,

SCC

® Toecrack before:

buffing

® Toe cracs befors

: buffing
; oo s
.- S§ m R AR LEGILERA e o
. * PR - oLy E :
R A ,mg.&},q S R ETEPC IS R TE FEN RN
ies Yor the New Millenium

weTechnoiogies :

Jim Marr, J.E. Marr Associates
aing Pipeilne Integriny

Managine
<

11



 Banff99 Pipeline Workshop Working Group 2 - SCC

Location of SCC

®  Toe crack after removing weld cap

Managing Pipeline Integrity:Technologies for the New Millenium

SCC Colony Shapes

® Linear
® Axial

® Circumferential
® Diagonal

Jim Marr, J.E. Marr Associates R

Managing Pipeiine Imspriv: Technoiogies for the New
2InE iy g =
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Banff99 Pipeline Workshop

SCC Colony Shape

® Linear SCC colony shape”

G

Working Group 2 - SCC

& Axizi SCC
COIONY SHApe

8 Cirpurnfamennal
roumIsIenna

co.ony shane

Jim Marr, LE. Marr Associates

Marnagoing Pipeiine intsgriny

es for the New Millerinm
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SCC Ind‘i-ca_tions

@ [ ongitudinal
® Circumferential (transverse)*
® 45 degree

Managing Pipeline Integritv:Technologies for the New Miilenfurm

- ‘ SCC
“Indications

® Longitudinai
axis SCC
coiomy In
corTosion

Jim Mar, J.E. A

Associates TP
anaging Pipeine Integrin Technologies for the New Milleniur

-

Banff99 Pipeline Workshop Working Group 2 - SCC

14
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Banff%9 Pipeline Workshop

Marnaging Pipeline Imegrity: Technologies for the New Milienium

Jim Marr, J.E. \darrAssomales

Maraging Pineline Integrinv: Technologies for th

Working Group 2 - 5CC

SCC
Indications

SCCarassd
degree
oriertation

Transverse cracking

SCC

Shon deep
cracks

hallow SCC in
linear corvosion




Banff99 Pipeline Workshop Working Group 2 - SCC

3 SCC Documentation

Identify joint and colony

Colony dimension

Longiwmdinal reference
Circumferential reference
Average crack length

Maximum crack length
Horizontal distance between cracks
Colony location

Interiinking

Maximum interlinked length

Crack depth

Associations

® & O & & & 660 9 50 00

UT wall thickness measurement

Photographs

Manzging Pipeiine Integrity-Technologies for the New Miflenium

SCC

ERW longseam -
interlinked cracking

%

16

oy
Mart 550
Managing Pipeline Imegrinv: Technologies for the New Millenium
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@ Colony Characterization

Conte point o
Toe Incication

- Distance from Reference Girth Wealg -
- Distance fom Refarence - LONGSEAM &
St weslcsy
- Imdlividuc! Crocks ~  tineagrindication Distance 1o
Inteninked at Toe of weld Longsaarm
Maodmum
= Crack Lerngih -~ R Elther
- e — Clockwise
or courer
. } Clockwise
- Maximum lengtn of - Longitudinal DirecHon
Intedinked crack —_— Spacing
< 1Tmm Circumferential I—
Dhstance between .
cracks. -
Overgtl
colony
Centre point widtty
of Ccolormy
Circumtaraniiol Distancat
Batweaen Cracks v A
- Cvearall Colony Length (alkong oipe axis) -
= Stress Cormosion Crack NIS

& 3CC Colony Assessment -

Managing Pipeiine Integrity:Technologies for the New Millenium

Depth Evaluation

® At present, there are two comm

field methods to quantify the depth of

a crack.
® Advanced ultrasonics (non-destructive)
@ Buffing (destructive)

Jim Marr, J.E. Marr Associates

Managing Pipeline Integrity:Technologies tor the New Millenium

on

Working Group 2 - SCC

17



) Banff99 Pipeline Workshop Working Group 2 - SCC
‘ . P
Significant SCC

® An SCC colony is assessed to be significant
if the deepest crack in a series of interacting
cracks, 1s greater than 10% of the wall
thickness and the total interacting length of
the crack is equal to or greater than 75% of
the critical crack length of a 50% |
throughwall crack at a stress level of 110% =
of SMYS - source CEPA |

Managing Pipeline Inmtegrity:Technologies for the New Millenium

¢
Significant SCC Assessment

® Dctermine the critical length for rupture of a 50% throughwall defect
at 110% SMYS
e determine the cumulative interacting length of the cracks - dependent
on circumferential and axial separation '
® if one of the cracks within the cumulative, interacting length has a
depth greater than 10% of the wall thickness - compare the interacting -
length of the colony to the cntical length
® 1f the interacting length exceeds 73% of the critical length, the colony
1s considered significant

® source - CEPA

Jim Marr, 1. E. Marr Associates _ 18

Maraging Pipeline Integriny:Technologies for the New Millenium



C “SCC'CBlony Assessment -
Evaluation

® To properly evaluate the potential impact of
a SCC colony, the depth and length of a
colony should be accurately determmed

® The determination of critical crack 51zes
dependant on the individual company.

® Fracture mechanics based calculations car
be used to determine the critical crack size
of a given pipeline for a known set of
metallurgical and operational parameters

Managing Pipeline integriny:Technologies for the New Millenium

SCC Colony
Evaluation

& Significan: SCC

Jim Mar, JL.E. Marr Associates

Managing Piseline Integrin:Technologies for the New Millenivm

19
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Banff99 Pipeline Workshop Working Group 2 - SCC

Weld Indications

@ Manufacturing defects @ In-service defects
® Lack of Fusion (ERW & SAW) e SCC cracking (environmentally

® Undercut (SAW) assisted)

@ Roll over (SAW) e Fatigue cracks (cyclic)
@ Slag (SAW)

® Hook cracks (ERW)

Managing Pipeline Integrity: Technologies for the New Milienium

Non-SCC Indications

® Laminations

® Surface blisters

® Corrosion

® Inclusions and stringers
® Mill scale

Jim Marr, J.E, Matrr Ass

iates . s . S
Managmg?’?pehne Integrity: Technotogies for the New Millenium

20
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Banff99 Pipeline Workshop
Reporting
@ Future reference
® Creating/maintaining pipeline

profile databases
® Monitoring programs

Managing Pipeline Imtegrity: Technologies for the New Millenium

Photography

® Future reference

@ Aiding in engineering assessments

® Monitoring programs

Jim Marr. J.E.MarrAss iates . . o : I
’ h% anagmg%pe’ﬁne Integrin:Technologies for the New Millentum

Working Group 2 - SCC

21
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e
e

“Banff 99
SCC Sessiog A

EVALUATION OF SCC DEFECTS: High)
WE DETERMINE PIPELINE INTEGRITYW

by Carl E. Jaske and John A. Beavers
CC Technologies

CC Technologies

Working Group 2 - SCC Carl Jaske, CC Technologies

T
S ra
.

Topics tc;TB‘e\Aeressed

& Definition of Integrity Assessni
& Why Is It Needed?
¢ Uses of Integrity Assessment

& Information Needed for Assessment
& Overall Methodology
@ Prediction of SCC Life

Working Group 2 - 8CC Carl Jaske, CC Technologies

Carl Jaske, CC Technologies 1



Banff99 Pipeine Workshop Working Group 2 - SCC

e,
Bt
b
e,
e

L%

Definition.of Integrity
Assessmeqt

& An Analytical Procedure to Dete:
Pipeline Can Operate Without Risk &

Failure
Why Integrity. Assessment Is
Needed.

# Maintain Safety
# Avoid Environmental Impact
& Maintain Reliable Operation
@ Optimize Maintenance Programs

Working Group 2 - SCC Carl Jaske, CC Technologies

Carl Jaske, CC Technologies 2
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R
e
hl

.

Uses of Integrity Assessment

& Establish In-Line Inspection (INgIntervals
& Prioritize ILI Results for Field Insph
@ Establish Hydrostatic Testing Interva
@ Determine If Pressure Must Be Reduc
@ Decide to Repair or Cut Out Defect

& Prioritize Inspection, Re-Coating, or Repa

@ Estimate Remaining Life

Working Group 2 - SCC Carl Jaske. CC Technologies

T
—
el Y
e

\.““\
.
S

# Dimensions: OD and WT
& Material Properties: YS, UTS, an
@ Pressure: MAOP and Actual Opera
@ Defect Size, Shape, and Ornientation
@ Defect Location: Welds, Bends, Dents, et

& Optional: Flaw-Depth Profile, Fracture
Toughness, Stress-Strain Curve

Working Group 2 - SCC Carl Jaske, CC Technologies

Carl Jaske, CC Technologies 3



Banff99 Pipeine Workshop Working Group 2 - SCC

e,
————
o,
e,
.

& Two Failure Criteria for Craligli
— Flow Strength
— Fracture Toughness

@ Stress Reaches Flow Strength Locally ¥
@ Use a Model to Calculate the Failure Str
for Locally Thinned Area (LLTA)
— Effective Area Method: Rstreng or CorLAS™
— Gpy = Opow [(1-A/A)/(1-A/(MA,))]

Working Group 2 - SCC Carl Jaske, CC Technologies

ket
e
-
e
~.
-,

@ Fracture Toughness (K_, J_, or (4

¢ Failure When Applied K, J, or C
Reaches a Critical Value

¢ Estimate Fracture Toughness from CVI§

Measure Using Test Specimens

@ Current Approach Conservative for Very
Long Crack-Like Flaws

Working Group 2 - SCC Carl Jaske, CC Technoiogies

Carl Jaske, CC Technologies 4
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e,
~——
AT
.

& Conservative for Non-Co-Linear Fla

¢ May Be Inaccurate for Complicated Shd!

# Generally Provide Conservative Results
SCC Colonies Where Cracks in a Colony
Are Assumed to Be Inter-Linked

Working Group 2 - SCC Cart Jaske, CC Technologies

e —
halo
-
L
~u

Typical\mﬁppiications

#® Remaining Life Calculation
— Prioritize ILI Results for Field Insp
— Prioritize Inspection, Re-Coating or
— Establish Hydrostatic Testing Intervals
— Establish ILI Intervals

@& Burst Pressure Calculation
— Assess Whether to Repair or Cut Out Defect
— Determine Whether Temporary Pressure
Reduction Is Required

Working Group 2 - SCC Carl Jaske, CC Technologies

Carl Jaske, CC Technologies 5



Banff99 Pipeine Workshop Working Group 2 - SCC

Prediction of SCC Life

@ Establish Existing Dimension gl Flaw
— ILI Inspection

— Hydrostatic Testing and Calculations
Integrity Assessment Models

— Statistical Estimates Based on Field Digs
@& Estimate Critical Flaw Size at MAOP
@ Estimate Flaw Growth Rate
& Calculate Remaining Life

Werking Group 2 - SCC Carl Jaske, CC Technologies

Sy
(LT,
.
Al
.
~—
o

Component of Integrity Manage

@ It Helps the Pipeline Operator Prio
System for Inspection and Repair

# It Provides Valuable Information Needeg
for Long-Range Planning

Working Group 2 - 5CC Cart Jaske, CC Technologies

Carl Jaske, CC Technologies 6
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Banff 99 Pipeline Workshop Working Group 3

WORKING GROUP 3
COATINGS WORKSHOP
WEDNESDAY APRIL 14, 1999
1315 TO 1700 HRS
ROOM 251 - MAX BELL BUILDING

Co-Chairs: John Baron - Shell Canada

Matt Cetiner — Anteris Corrosion

Background - John Baron

CSA Z 662-96 definition of coatings does not specify how to ensure the quality and integrity
of the coating

CSA Z 662 Materials subcommittee formed a group to address NEB SCC inquiry from 1996
report

Offshore in east coast Canada pipe line installation in environmentally sensitive areas
Challenge for the next Millennium — “Objectives”

“To select and apply pipeline coatings in a manner which significantly lowers the probability
of external corrosion occurring over the life of the pipeline™

Workshop objectives

Increase awareness — coatings design criteria and life assessment (Influence CSA activity)
Consistency in-service coating assessment methodology, fit for service evaluations

Improve field joint coatings

Improve field repair coatings

Identify future areas of research, test method development

PAPER # 1 - PIPELINE DYNAMICS; IMPACT ON COATINGS DESIGN

Graeme King - Greenpipe Industries Ltd.

Solutions for long term reliability are to be implemented at the design stage
The CSA code identifies the minimum requirements and at times additional requirements
must also be implemented
Movement at Bends can be calculated for Longitudinal Compressive Force and Lateral
Bearing Load
CSA Z 662 requires additional wall thickness to keep hoop & longitudinal stress below 90%
SMYS
(Appendix C offers an alternative to Subsection 4.6.2.1)
The extra wall increases axial force & hence lateral load
Longitudinal movement can apply large longitudinal shear stresses on the coating
In summary damage to pipe coatings due to movements between the pipe and the soil
can be prevented by a combination of:
- Reducing forces:

- Use long radius bends to reduce bearing loads at bends

- Specify good backfill compaction to prevent settlement

Rapporteur — R. Schubert, Shell Canada 1



Banff 99 Pipeline Workshop Working Group 3

- Reduce wall thickness, operating temperature & pressure
- Good pipelining procedures to reduce locked-in stresses
- Avoid unstable siopes
- How many companies carry out stress tests?
Not too many to Graeme’s knowledge. Shear tests are not specifically specified anywhere
whether it is in a code of practice or standard
- What are if any effects on coating are cyclic temperatures?
Assumptions made ~ temperature & pressure cycling is on-going Graeme believes this to be
natural and not to be a problem. The coating takes max. shear stresses and is able to take
abrasion of pipe moving back & forth.
Super compaction with fine materials like sands can cause abrasion in a vibrating
service.
Super compaction also increases shear stress.
Slick surface coatings, ie.: FBE coatings will reduce shear stress-also depends on internal
angle of friction
- Backiill is important in that it must be filled in under the pipe and proper compaction
obtained
Line with Tape coating has sagging at 5 and 7o0’clock positions. Line is low temp. What
could the cause be?
Most likely cause is voids around the bottom of pipe backfill and as the soil moves the mastic
also for creep and the movement and sagging of the tape
- What is required for design for stress?
- Relatively all the normal information, use of industry standards for backfill, and the fact that
stress on the pipe coating is calculated and the resistance of the coating to this stress.

PAPER # 2 CONSISTENCY IN ASSESSMENT OF IN-SERVICE COATINGS
Dale Temple — Anthers Corrosion
- CSA does not give a methodology for how coatings behave in a lifetime
- References to NACE RP 0169-69 Clause 5-3-34 External Coating System Qualification
- Inconsistency lies in :
- Lack of understanding of failure mechanisms to design realistic testing
- Incorrect use of testing standards and acceptance criteria
- Inconsistent standards for specific coating types (i.e.: CSA addresses FBE and not Liquid
applied epoxies
- Definitions of what are failures and their mechanisms
- Inconsistent reporting
- Sampling & Test methods, testing of coatings not always conducted in applicable
operating environment
- Testing is very important for testing to be conducted in appropriate field operating
environments. Mechanisms in lab should display this.
-  Standards require some flexibility (i.e.: FBE has rigid requirements for bend flexibility
which applies to the bends and needs not to be applied to straight sections of pipe)

Rapporteur — R. Schubert, Shell Canada 2
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PAPER # 3 INCREASING DESIGN LIFE OF PIPELINES
Peter Singh — Shaw Pipe Protection Limited

- Designing a coating and not just selecting one off the shelf!

- Consideration to Operating conditions, Construction and installation practices and others
(i.e.: abrasion & UV stability) '

- Arrhenius Equation can be used to determine Lifetime Extrapolation for insulated coated
systems '

- Stresses affect the shear strength (Pipeline Weight, Thermal, Hydraulic and Soil)

- What standard shear tests are conducted ?

- No specifications for stand alone coatings, and there is the Alyeska Shear test for insulated-
coated systems. Peter indicated this might not be considered a true shear test as it puts a load
on and time is recorded when there is a shift.

- What is CP capability with the coating mean?

- No real answer discussion on conductive coatings being developed.

- Coating life needs to match pipeline design life; i.e. 7 years vs. 50, 60, 80 need same
requirements?

- What is the status of external corrosion in marine environments with regard to
shielding?

- PAPER # 4 FIELD JOINT COATINGS

John Baron - Shell Canada Limited

- Field joint coatings usually applied by the contractor

- Currently no standards on system capability and performance on interface

- Issue with personal training and material qualification

- European countries have specialized contractors for joint application, good quality and not
left with mainline contractor. North America behind.

- Field coatings should have the same quality as the shop-applied coatings. Challenge for
material supplies and contractors.

PAPER # 5 REPAIR COATINGS
Aida Lopez - Trans Canada Pipelines Limited

- Coating selection was start of the art during initial construction and has been subjected to
aging due to increased operating temperatures, soil stresses and increase CP

- Recoating program direct costs about 60% of replacement cost

- Have done extensive lab testing to qualify 5 liquid epoxies and their application

- Urethane girth weld coating failures have occurred and putting together a field investigation
and repair program

Rapporteur — R. Schubert, Shell Canada
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- Challenge of overcoating existing polyethylene systems with liguid epoxies. Testing is
required for the overlap area for tape, asphalt and coal tar systems

- Very good success with brush applied liquid epoxies on girth welds and discrete digs

- Identified in-house training for coating inspectors , 3 day course with exam

- All coating applicators shall be pre-approved

Rapporteur - R. Schubert, Shell Canada 4
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Understanding Pipeline Dynamlcs
and its Impact on Coati

by Graams King
V.P. Engireerning
Greanpipe Industries Ltd

D4/ 14 Banli integnty Womsha 1

* We see a number of pipeline§ i
damaged by relative movements between the
pipe and the soil.

+ The problem is worse near bends and areas
with peor backfill compaction.

+ Solutions, which are best implemented during
design & construction, are limited to:
+ reducing the magnitude of the movements & forces, andfor
» increasing the toughness and adhasion of coatings.

IR 4 Bantt iniegn iy Workshep 2

Y1y

* The relevant minimum regu
by CSA Z662 for coatings are:

Designers must make sure that coatings have sufficient
strangth and adhasion to resist 501l shear stresses at semvica
conditions {including maximum temperature) for the Ife of
the pipadine. (CSA Z662 §4.2.4.2 and §9.2.8.1(d)

= And for the soil backfill are:

The ppsline must fit the conlour of the ditch, and it must be
backfiled to prevent damage to the pipe or coating. and 1o
prevent subsaence of backtill and support material. [CSA
2662 §6.2.6.4, §6.2.7.2 and §6.2.7.4)

Y0411 4 Bant nlegnty Worshep

@

F R

. Although CSA Zee2 Appendi
about pipe-soil interaction forces and 3-| D soil
spring models, the code doesn’t specify how
to evaluate soil shear forces.

« Basically, any movement between the soil
and the pipe can cause shear forces.

+ The shear forces can act either across the
pipe (lateral shear) or in the direction of the
pipe (longitudinal shear),

Y0414 Bant! mieghty Wokahe .

damage to the coating dunng backﬁlllng
rather than to get good backfill compaction
under and around the sides of the pipe.

* Poor compaction contributes to:

= unnecassary lateral movement at bands that can abrade the
coating and tend to pull it off the pipe.

soil setilement thal can puli coating off hot pipes if coatings
have mastics that soften at ugh operating temperatures.

904014 Bantl integnry Worcshap 5

Intemal prewsure

forces
Shatic Equilibium:
F. Fym Foé = fyRo

BI04 Bani! fiagnty Wokshop 3
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Calculation of

+ What is the soil bearing load
NPS12 pipe with an 8.4 mm
10 MPa & at 80°C above tie-in temperature?

« Longitudinal Compressive Force:

Fae(1-2viPtDNrasEQATRDL
=330 + 1230 = 1.810kN » 1_64. nes

+ lateral Bearing Load:
fa» Fu iR
=124 kN/Mrun = 127 lorwves /moun { = S6pai §

PEI0AN4 Banll nlegnty Warkahop

R pefating at

Working Group 3

» Backfill cannot handle laterat
this magnitude & pipes move laterally at
bends, damaging pipe as well as ¢oatings.

* The problem is made worse by CSA Zé62
§4.6.2.1 which requires extra wall thickness
to keep combined hoop & longitudinal stress
below 80% SMYS. The extra wall increases
axial force & hence lateral joad.

* (Appendix C offers an alternative to §4.6.2.1.)

#9041 4 Bandl nugnty Wokshap &

AT

across weld bead

Ralatve
backiil
movement
s
coating l
with it

l

ioses affectiveness

084 Banll niegnty Workshap

Coating "bags” in voids and

+ Lateral movement at bends 723
longitudinal movements in the straight pipe
near the bends.

* The longitudinal movement can apply large
longitudinal shear stresses on the coating.

+ High operating temperatures make the
problem worse. Mastics soften and the pipe
can move longitudinally inside the coating.

U4 Banti nisgnty Womncahop m

Lemestucinal
soil khear forces
(Fe=TRDL,)

soil shear torcas
(Fem TRDLY

irte mal prasaure
and thermal
AXDPANSION

Static Equilibrium:

torces F,m F‘
(IV
%08 Bant? Intagnty Warkshop

: (133

* What is the shear stress on th
the angle of friction between the coating and
the soil is 30°, the soil density is 2,000 kg/m?,
and depth to pipe centetiine is 2.0 m?

T = Yghsin® = 2000°0.8°2°5in30 = 20kPa (= 2.9 psi)

+ This is a low estimate because it ignores
cohesion, the bulking of soil in shear, and the
presence of rocks in the backfill,

= An F; of 3 would be appropriate for design.

9944 Banf! riegrty Workshop 12

G. King, Greenpipe Industries Ltd.
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+ Other causes of shear betwet e + Damage to pipe coatings d
the backlill include: between the pipe and the soil can

+ Atandency to keck siressas into the pipe during construction. prevented by a combination of:
« Soil movement on unstable skepes. - Reducing torces:

+ These and the other situations a!ready « usa long radius bends 1o reduce bearing lcads at bends
discussed can all cause both lateral and + spacity good backiill compaction to prevent settiement
longitudinal shear forces between the pipe + recucs wall thickness, operating temperature & pressure
and the soil at localized points along the line ; good pRelaying procedures to reducs leckad-in strasses

and consequently cause coating damage 2ot ursiable siopes
g Y 9 ge. « Increasing toughness and adhesion of coatings.

904114 Banit miegnry Warkshep 12 IDHNL Banit niegary Worksnop 14

G. King, Greenpipe Industries Ltd. 3
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Consistency In Assessing In
Service Coatings

+ NACE RP0169-96, Clause 5.3.3.1 External
Coating System Qualification
— laboratory tests
- application under reccommended practices
- installation under recommended practices
- in-service field perfdrmance tests

ANTERIS Comman inc

it sk rmman 4 e € 4 S e T

jytLPYRERNRE gy e r it Rt EVE RS

Consistency In Assessing In
Service Coatings

+ Laboratory testing for coating selection

- lack of understanding of failure mechanisms 1o
design realistic testing

— incorrect use of testing standards and
aceeptance critena

ANTFRIS Comunumn (ns

E

PO R TR
NI E AR AR EEEEER R N N RN

Consistency in Assessing In
Service Coatings
+ For epoxy, at a given temperalure. the rate
of water absorption is propertional to the

inverse of the square of the thickness
{Dennis Neal)

+ 14 mil coating, 0.00%
* 28 mil coating.0.0012

* Twice as thick, 4 times longer for H.O
(0.005/0.0012}

ANTFRS Carrosem Inc

M Condi o \D —\:c«r\\ ‘:fu
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Consistency In Assessing In
Service Coatings

* Test Methods CSA 7Z245.20-98

- 28 day, 1.5 volts, 65 °C cathodic disbondment
test and adhesion

SRR EE SRR e Rt d]

ARG S o U S A N5 4 o

formulation, coating has to be qualified again
(Table 1 and Tabie 2- 16 tests)

— Incoming powder must pass QC check before
application (Table 3-5 tests)

— Test ring cut to verify coating application
(Table 4-7 tests)

X R R R RN RN R R A N N NN

ANTERTY Comonnn

14 mils 28 mils CSaA

& mm-r 7 mm-t gmm-r

1 rating 2 rating I-3rating ]

:V. ANTERIS Commmnn Inc E
i R e R T S STINE LS TT |
Consistency In Assessing In
Service Coatings

= FBE powder coatings have to meet CSA e
£245.20-98 requirements :

— Change in tocation of manufacture or E

P

Consistency In Assessing In
Service Coatings
+ Liquid coating systermns
- Manufacturers may tweak formulation

— QC testing done on materials before
application?

TR er

[EEENENN AN RN RENEEE NN EE NN

— Testing of coating is usually thickness and
holidav detection

- Critical parameters usually not addressed such
as mixed material temperature and cure testing.

ANTERIN Comoman Lng
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= Consistency In Assessing In
Service Coatings

- =+ FBE typically exhibits cathodic

o disbondment. blistering and loss of bond

the oxide layer at high pH is the
predominant mechanism for disbonding.

Industry indicating blistering is not a
concern
- passage of CP

- nO corTosion
ANTERIS Cormmun tnc

B e T e

Kendig confirmed chemical breakdown of

PR VTR

RN EE NN AN RN NEN R R NE RN

b e T SIS

Consistency In Assessing In

Service Coating

» Coating type identification
— FBE coatings made by same manufacturer are
difficult to distinguish
— Asphalt

- Primer. tape backing and adhesive
combinations

- Liquids
- Shrink sleeves

AT RIS G Iy

L 8 ;

i

TIAT AR F L ERF T

IF R A R EERER A R E R R R BN

Consistency In Assessing In
Service Coatings

+ Information collected at coating sites
— Thickness
— Samples
= coating, liquids. sosl
- Adhesion testing
— Parameters such as:
« Soul type and constituents
= Pipe surface pH
+ Om /off pipe 10 soil potential
= Operating t¢MRGRAIME . awm i




Consistency In Assessing In
Service Coatings

» Challenges
- Develop consistent sampling and test methods.
For example a pull off or knife adhesion test.
compensation for temperature. Use ASTM
standards for describing size and blister density

[ EENENREER

— Definition of what 15 a coating failure
- Consistent reporting

- Test new coatings in worst case operating
environment, not where easy to install

ANTER!S Comosun s

R A XN

AR KNG X it e L Nam - e [y s

b e i e S
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COATINGS DESIGN AND SELECTION -
Predicting Coating Performance at Elevated
Temperatures

P. Singh
Shaw Pipe Protection Limited

BREDERO-SHAW

DESIGN CONDITIONS

_OPERATING .CONSTRUCTION . OTHER

. Temperature .Bending . abrasion
_degradation

. UV stability

_Stresses Impact
_compressive
.shear (axial
and
longitudinal)

. Environment
_chemical
_biological
.electrical




TEMPERATURE

. Significant effect on all other properties of polymeric
coatings
_degradation, creep, adhesion, chemical resistance

. Continuous service temperature rating
_provide acceptable long term behavior

_Determined by following methods:

.Safety factor below critical temperatures
_Tm for thermopiastics
_Tg for thermosets

Studies of property vs aging time at temperature

_Accelerated aging studies
.Increasing temperature speeds up degradation
.based on Arrhenius equation A=k E exp(-E/RT)
_.measure critical property

LIFETIME EXTRAPOLATION

Aging Temperature, C Time for property to
fall below acceptable
value, days
(Shear < .08N/mm?2)

180 94
175 190

170 305




Lifetime Extrapolation based on Arrhenius Equation

1.0E+05
1.0E+04 :-39—1@5— ——————————————————————— -_?ﬂ
o -~ 142C
4] e
T 1.0E+03 | o
:
= B 170C
5 1.0E+02 | = 175C
- 180C
1.0E+01 L
1.0E+00 , | | , |
215 2.2 225 2.3 235 24 245
1000/T (K)
STRESSES
a Weight

» pipe, content, soll
» resolved into compressive and shear stress on
coating

»« Thermal

» operating vs burial temperature

» depends on pipeline design, delta T, pipe, etc.
= Hydraulic
= Soil



Vertical Stress (psi}

Pipeline Stress Analysis
20"0D 9.52mm wt, Burial 2m. crude

4
-l Compressive Stress (psi} -
3 J‘ + Vertical Shear Stress (psi) - om— g
i o ‘.-‘ -
- o -
2 = = -
!‘ - :ﬁ" . . Y2
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- . * . i
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Horizontal Distance (inches)

15
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EFFECT OF TEMPERATURE ON PEEL/SHEAR

10

C ¢ Peel N/em
B D Shear
N/mm?2
L 2
\
[— \
\
Y
\\‘
\
_ N
b\ |
.
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Temperature (C)

0 20 40 60 80




ENVIRONMENT

= Chemical (moisture)
» Absorption - effect on bulk properties
- compressive, shear
» Transmission - effect on interfaces
— adhesion to pipe surface
= Electro-chemical
» Effect of generated species on:
—adhesion to pipe surface
— chemical degradation






FIELD-JOINT COATINGS
(FIC’S)

Banff/98 Pipeline Workshop
Managing Pipeline Integrity-
Technologies for the New Millennium

FJC’S- OBSERVATIONS

m External corrosion at girth welds is a
significant problem

m Problemn due to design and appiication
quality

a CP compatibility problem exists with
some FJC products

FJC'S- APPLICATION

m Application standards generally based
oh "manufacturer's recommendations”

& most pipeline companies have in-house
standards for application

m personnel training & material
qualification limited (but improving)

® no code requirements for application
quality verification

5Q(C(\ N S\\L\\ CC\-"\\C&

e

FIC’s - BACKGROUND

m Field-applied, primarily to girth welds

= covers the shop-applied coatings cut-back
length plus weld.

m usually applied by the construction contractor

m coating materials normally specified by the
end-user, based on experience, etc

- FIC’S - DESIGN

m Design criteria specified by inference only
within current codes

m Shop-ctg + FJC = Cig System

= No industry standards on systems
compatibility, perfformance of interface

m FJC’s often evaluated independantly

Minimum FJC Installation
Specification

= Steel preparation cleaning, drying, pre-
heat, weld splatter grinding, weld bead
condition

m Materials and application equipment

= Application procedure

m Qualification of materials and personnel
m Quality verification




0
2

W

FIC’s- What’s Needed?? FIC’s- “The future?”

m Industry Design standards to address FJC's
m Specifically:
- alignment with shop-applied coatings
design performance criteria

- shop-applied coatingsfinterface
performance

— CP compatibility
— application quality - personnel, QA tests

m FJC materials will further evolve to
match shop-applied coatings evolution.

& Increased specialist vendors to supply
and apply FJC's.

m FJC quality will match or be very close
to shop-applied coating guality.

a Codes will require materials qualification
and applied quality performance.

T Docen  Shakl O senceola
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Banff99 Pipeline Workshop Working Group 4A

RISK ASSESSMENT / RISK MANAGEMENT - General Session

Session Objectives
To provide an interactive forum to identify and prioritise general risk management issues.

Key Issues Brought Forward

General Comment

Many of the issues advanced during this session have been identified and advanced at previous
Banff Workshops. Their reoccurrence at this workshop underscores that these issues are still
revenant and should continue to be advanced.

Qualitative versus Quantitative Methods

The approach applied to estimating and assessing risk needs to be consistent with the
objectives of the analysis.

It was emphasised that a progressive or staged approach is required to address the broad range of
risk management issues within the pipeline industry. Tools and processes are required covering
the range from qualitative through to quantitative analysis.

Currently, different companies are using a wide variety of methods and approaches for assessing
different types of risks (e.g., life safety, environmental, and financial). While industry sees
advantages in moving toward common approaches as a longer term goal, it was felt that it is too
early to attempt to standardize these processes.

In support of the use of more quantitative methods it was recognised that more specific guidance
on establishing acceptable risk levels should be developed, however this is also seen as a longer
term goal. It is suggested that in the interim, quantitative assessments should key on relative as
opposed to absolute measures of risk.

Data for Frequency Analysis

There is ongoing concern regarding the quality, availability and relevance of the data
currently being used for risk analysis.

This emphasises the importance of current industry initiatives in the area of database
development and data collection. It is recommended that guidelines should be developed for
screening and validating the incident data used in the context of failure frequency estimation.

In addition, given the ongoing development of failure prediction models based on line condition
data collected in the course of monitoring, maintenance and repair, it is recommended that the
current data sets be expanded to include this other data.

Rapporteur — 8. Kandansumy, Univ. of Calgary 1



Banff99 Pipeline Workshop Working Group 4A

Performance Measures

There is a need for meaningful near-term performance measures to help industry and
regulators evaluate the effectiveness of ongoing risk management programs.

The current focus on failure incidents as the sole performance measure does not necessarily
promote proactive pipeline integrity management. In the near-term, these measures (i.e., failures)
can be misleading due to the rarity of pipeline failures. It is recommended that additional
consideration be given to measures related to practises involving monitoring, inspectton and
preventative maintenance (e.g., efforts at finding and eliminating defects or reducing the
frequency of mechanical interference events).

Knowledge Sharing

Within the industry there is a need to promote understanding and share information on the
use and benefits of pipeline integrity and risk management programs.

As most companies are on a learning path, thought should be given to developing an ongoing
process for the sharing of information and ideas. This process must include the smaller
companies who may not currently be involved due to resource constraints.

Corporate Commitment

It was emphasised that the development and success of risk management programs within
individual organisations is highly dependent upon the degree of corporate commitment to
and belief in the merits of risk-based methods for managing pipeline integrity.

Rapporteur — S. Kandansumy, Univ. of Calgary 2
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Banff99 Pipeline Workshop Working Group 4B

Working Group 4B
Risk Management/Internal Corrosion
Producers

Review of Issues

Directions for the New Millennium

14 April 1999 1

1993-06 Materials Working Group
Six Priorities Identified

+ Correlation of laboratory testing with the real world (inhibitors &
coatings)

* Internal protection of high water cut pipelines

» Failure assessment of corroded pipe (ECA)

+ Predictive capability for HIC

+ External SCC - mechanisms of and laboratory tests for
* Elastomers resistant to explosive decompression

14 April 1999

[

D. Kopperson and K. Szklarz 1
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Working Group 4B

1994-06 Materials Working Group
Highest Priority Issues Identified

+ Environmental cracking (SCC & HIC)
* Failure assessment of corroded & cracked pipe

» Corrosion mitigation in high water cut pipelines and under disbonded
coatings

+ Assessment of alternative materials such as:
~ polymer liners
~  high-strength sieel pipe
- fibre-glass pipe
— composite wrapped pipe
~ materials properties database development to enable modelling of SCC & HIC

14 April 1999 3

1995-10 Internal Corrosion Mechanisms Working Group
Important Issues at this Time

+ Controlling internal corrosion (454 or 60% of failures in 1994)
» Ineffective inhibition at lecalized areas
+ Verification of threshold levels of inhibitors determined in the laboratory
by field monitoring
+  Preliminary selection of inhibitors so data is applicable to field conditions
and not based on specific test methodologies
* Quality management of pipeline maintenance systems (eg. Inhibition,
training, staffing, pigging)
» Definition of critical parameters, such as:
- fluid composition
— levels of chlorides
— elemental sulphur
— flow regimes
— CO./H,S ratios

14 April 1999 4

D. Kopperson and K. Szklarz



Banff99 Pipeline Workshop Working Group 4B

1997-04 Risk Management/Internal Corrosion
Issues Identified

= We cannot predict internal corrosion well enough

* We do not have coordinated industry action with respect to internal
corrosion

14 Aprit 1993 5

Are We There?

1933
+ 713 pipeline failures

* 419 due to internal corrosion

1997
» 750 pipeline failures
* 455 due to internal corrosion

14 Aprii 1999 6

D. Kopperson and K. Szklarz 3
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Working Group 4B

Producers Issues 1993-1997

Issues

Action To Date

Priority

Internal Corrosion Inhibition

¢ |neffective at localized areas
¢ Verification of threshold levels
» Preliminary selection

o Correlation of lab with field

Canmet project
Canmet project
Canmet project

Internal Corrosion Prediction
e Can't predict well enough
o Definition of critical parameters

Canmet project
Chemical suppliers
Consultants/contractors

ECA of Corroded & Cracked Pipe

Maintenance Quality Management

Assessment of Alternative Materials
+ Polymer liners

+ High-strength steel

e Fibre-glass

o Composite wrapped pipe

Shell JIP

HIC & SCC

e Materials properties database
* Mechanisms of & lab tests for
s Prediction of HIC & SCC

Others?

D. Kopperson and K. Szklarz
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CAPP guidelines is it possible
Rule of thumb
Focusing on internal corrosion
Involve regulators

Bob, Tailisman Different treatment in different districts

Focus on global monitoring rather than one site monitoring

Bert, Gulf Monitoring crew does not know technical details
Educate them
Reg Identify significant issues

For company
For regulators
For public
Dave With increase spending the failure rates can be reduced
Consequence of spilllong term effects, problems
Wrap them now
Alberta Pipeline Environment Steering Committee (APESC)
Industry, public and government

Make this committee aware

Bob Make EUB to give public input, announcement, that spill
volume is going down

Other issues
INTERNAL CP

MONITORING

Rapporteur — 8. Papavinasam, NRC 5
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4B - Risk Management/Internal Corrosion - Producers

Direction for the New Millennium
Issues from Previous Workshops:

1993: Internal protection of water-cut pipelines
Failure assessment of corroding pipelines
Prediction of HIC/SSC

1994: SSCHIC
Failure assessment
Corrosion of high water-cut pipelines
Polymer lines

1995: Internal corrosion mechanism
Predictive modeling of internal corrosion

1997: Risk management/Internal corrosion
Coordinated industry action

We can’t predict

Actions taken:

Methodologies for inhibitor evaluation CANMET

Internal corrosion models CANMET/Suppliers
Polymer lines Shell/JIP
High-strength steels Not an issue

1999 Workshop

Objectives

Decide key issues
Recommendation for future direction

Discussions

Ray, Chevron: Newer technologies available for monitoring, e.g., noise.
Local expertise not available
Not many companies 0 set up electrochemical monitoring
Expertise comes from other countries, €.8., Scotland, U.S.
Rapporteur — S. Papavinasam, NRC 1
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How to use new techniques

Dave

Recommendation
Reg

Ray, Chevron

Dave

Ton, CAPP

Dave

Reg

Reg:

Dave:

Bert Johnson, Gulf

Dave

Reg

Low cost equipments available
Suppliers not using them

Producers tell suppliers how to select inhibitors
Historica]ly use higher concentration of inhibitors in the field

Higher inhibitor cost — shutting down well
Noise — good, instantaneous response

Monitoring at one point not representative of the pipe

Statistics has not changed over the years
When regulators is going to step in?

Regulators already stepping in

We do not inhibit marginally producing lines
Economically robust

Do inhibitors work in the presence of slug
Lots of lines.. Should not paint the same conclusion for all lines

spill number or volume to be considered for consequence
Industry wide/provincial wide guidelines

Consequence side of the risk should be considered
What is acceptable risk

Natural gas lines.. Internal corrosion big issue

No complaints from residents
Landowner/company good relationship

untreated lines
Semi-log plot...cumulative vs. time...number of failures decreasing
Success story or not ...

Rapporteur — S. Papavinasam, NRC

Working Group 4B
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Dave Failure can’t be zero
Focus on detection
Minimizes failures
Consequence in risk assessment

New board members Educate them
EUB data do not tell full story

Don Currie, ACR What is the consequnce to the producers
$ 5000 to 2,000,000

Regulators do not see the financial side

Reg EUB information ladder
See if there is a common industry process (approach) that can involve the
regulators

Predictive Models

Bob, Talisman Use both gualitative and quantitative approach
Dave Concentrate on the consequence of risk
Producers/CAPP/ group sit with regulators

Gain support

Address their concerns

Is not too late

EUB Database

Better version being made
Role into PRASC database

Role of CAPP
How to present data, e.g., failure, volume of spill etc.

New techniques Have potential
Location of placement of monitoring device is important

Rapporteur — S. Papavinasam, NRC 3
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Concept of risk

How to get board involved
CAPP form task force

Model that everybody can use
Form Task Forces

CAPP producing 4 years of oil pipeline performance including

Industry/Regulator meeting

Additional R&D Work

Flow regime CANMET Model considers flow as well

Industry should be aware of other work, e.g., Ohio university

Reg Not everybody is using all the available techniques

Flow line models good for gas lines
Not for multi phase lines

Field monitoring important
Not the corrosion rate, but the probability important... say from B to C

Ray: Mitigation type to be modelled
Some lines are better than others ... inspect

Tune your models

Pan Canadian No of failures/year decreasing
Does regulators aware of this

Gulf Canada No. of failures/year increasing

Forum to share information

Rapporteur — 8. Papavinasam, NRC 4
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Banff/99 Pipeline Workshop Working Group 4C

Working Group 4C: Risk Assessmenti/Risk Management — Transmission

Co-Chairs: Kevin Cicansky (TCPL)

Glenn Yuen (Dynamic Risk Assessment)

SESSION E: Tools and Techniques

INTRODUCTION

Reviewed summary of three principal recommendations from last workshop (1997)
Items have been addressed by individual organizations but mnor progress from industry
groups (ie PRASC)

SCC was a big issue and since then some companies are looking at more issues such as
general corrosion

SESSION OBJECTIVES: To review new developments and applications of tools and

techniques for risk analysis of transmission pipelines.

PRESENTATION 1: Pipesafe Risk Assessment Package for Gas Transmission Pipelines
Tim Baldwin, British Gas Technology

SUMMARY: Attached

DISCUSSION:

What is the range of diameters for validation of Pipesafe in large scale tests — full scale — 6 in
to 36 in + up to 12,000 KPa

Focus on human casualties — do you look at property damage cost — much less concern

Is there a prescribed value for acceptable risk level — No — ALARP principle — what is the
value of human life - 3 to 1.5 million pounds, but higher values are implied

Pipesate only used for sweet natural gas — the future may look at sour gas

How long does it take to carry out a risk analysis ~ normally most of time is spent with input
parameters — perhaps a day — normally look at specific ‘hot spots’ not the complete line

Can you change input data (for application say to N America) — yes

Exposure is dependent principally on distance to pipeline

If there was a house within the ‘hazard’ zone, have BG ever bought it out — no

Proximity distance is not necessarily a ‘safe’ distance

HSE have advised against building at some distance at times where a company may not —
HSE have different laws compared to planning commissions

Who pays for analysis and mitigation ~ HSE/BP/Developer combination

Rapporteur-Brian Griffin, Golder Associates 1
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PRESENTATION 2: Risk Based Decision Management (RBDM) Applied to Large
Scale Assets
Rob Bruce, RMRI

SUMMARY: Attached
DISCUSSION:

» Expected utility — presentation mentioned that share activity can be used to determine utility
curve for company — use expected utility for large losses relative to corporate assets (or
returns) only

* Theory of utility — have to separate sharcholder risk vs management risk — management will
be more risk adverse because they have fewer alternatives — have used series of paired
questions — have looked at such techniques ~ concluded they are not too useful — questions
are highly hypothetical (hard for person answering to envision) — personal bias comes in —
better to put in all the costs and this will ‘incorporate’ risk aversion

SESSION F: Company Experiences with Risk Assessment

SESSION OBJECTIVES: To use case histories for demonstrating the successful application
of risk assessment techniques

PRESENTATION 1: Visions and Issues for Pipeline Risk Management at TransCanada
Bob Sutherby, TCPL

SUMMARY: Attached

DISCUSSION:

» Customization — what is the opportunity to integrate risk management program into ISO
9000 — few ISO discussion held at this time but quality assurance is an important issue

¢ ISO 9000 has monitoring component — how does such a large program incorporate some sort
of validation step of models - problem is recognized — hope to use historical information —
will implement what we have now and validate as we go
How do we measure the success of such a program
Defect Management (eg external corrosion) - how does this mesh with risk management
What is acceptable for risk measurements - no number on what is acceptabie — will continue
to address

Rapporteur-Brian Griffin, Golder Associates 2
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¢  Who is driving this program — initiated with Pipeline Integrity Dept —Designed by IT
(&Business) Dept. — Pipeline Integrity Groups —~ 1) Long range plan 2) I year program 3)
Long term strategy, facilitate risk management 4) Data management

e Need to be concerned with scope creep from other internal department

* Will program determine level of spending or prioritize spending within a level — doing both
right now but need to develop a strategy

e The more quantitative the model the more useful it is? —depends on the stakeholders

* Model will consider business consequences ~ considers multiple regulator ? require
constituency of philosophy across the board — many issues with different regulators

PRESENTATION 2: The Northwest Risk Management Program

Sean. Black, Northwest Pipelines (Williams Energy)
SUMMARY: Attached
DISCUSSION:

e You can address the risk but still be out of compliance with code — they enter into an
agreement with regulator — like a waiver — they have been trying for a couple of years to get
into the demonstration program

¢ Example applications for risk were associated with sections out of code (Eg class locations)

* What is the confidence level of using risk vs regulations — what makes pipeline less safe if
one additional house means a class change — this was a cultural change within the company

¢ In the segments where risk was used, was there any impact on operations of other segments?
Yes, the experience was useful for consideration of other segment — learning process

¢ General view from Europe that US regulators want zero risk — if legal system says you knew
there was a risk but didn’t eliminate it, how do you respond? We are making our pipeline
safer and are trying not to let such concerns derail system — lawyers have looked at program

e How are you identifying the highest risks and convincing the regulator — use past history ~
last 5 years of William’s system —25,000 km - e.g. 3-4 rupture from earth movement and
monitoring shows concern

¢ Legal criteria may be based on what the common man might due — benchmarking to industry
is important — common industry approach provides due diligence

» Trying to find the best way of mitigating risk from a large segment (not a specific small
segment) — what is public perception — not in my backyard syndrome — to date acceptance
has been good — in some areas, open discussion with public has helped — would not be
surprised if future problems

e What happens after 4 year demo concludes — grandfathered, risk work applicable for future
operations

Rapporteur-Brian Griffin, Golder Associates 3
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SESSION CONCLUSIONS AND RECOMMENDATIONS

Measurement — how can we keep track of all the data and keep it up to date

Incorporate models/programs into quality assurance system

Need system for tracking how data is used

Tend to have focussed on public safety and should include reliability in the future

May not need to discuss database management and risk management together — separate (but

both important)

* Requirement for top management buy in — value in something like best practice
documentation, further meetings

* Should consider what are the uncertainties associated with all the risk models — tradition has
been to err on the conservative side — end result is we do not know how conservative —a lot
of work has been done in other applications e_g. environmental risk assessments

* Many engineering applications add safety factors to design and then we use this conservative
information for risk — combined approaches introduce problems

* Need to look at what kind of data you need for risk models — separate session for this group,
not the database group

® What are the objectives for carrying out a risk assessment — there can be many but need to be
documented — determines the data requirements and management process

¢ Can use Baysian methods to handle rare incident data

Rapporieur-Brian Griffin, Golder Associates 4



Risk Assessment of Onshore
Gas Transmission Pipelines and
the PIPESALE Package

Tim Baidwin - BG Technology

BG Tec!‘ir'eoic‘gy6

Introduction

Background

« Risk - Exelthgod of an undesired
event, e.g. tasually ;

& Individual Risk - frequency of an
individual 2t 2 specified fucation
being a casumity

& Societal Risk - relationship
between the frequency of an
ircident and the number of
casualbes

1
B Techaolopy

Introduction
PIPESAFE Coliaharation

& International Cottatorati
» BG LK)
= PONG (Denmark)
= ENAGAS {Spain}
& Gasunie Netherlanas)
& Stateil (Norway)
» TrensCanada Pipetines (G

8G Technology

PIPLN,

Cheeridiew

r Introduchion

iernents of a Pipelin

Assessment
& Indivicus! Matne

PESAFE ¥;

= Applicotonhs ¢f PIPESAFE in

Transco

& Devaicped by BG {formerly British

Gas)
& Sottware Package

iy by BG ang other
ficence

introduction

PIPEAAEFE Caoli

S6 1 {1294 - 05)

st vers:on of PIPESAFE. bosed on

= New models for corrosion, fatigue. |

» Pialine datage dalabose

Phase 2 {1995 - 58
= PIPESAFE validation and imprevermnent

Phase 3 {1
& To adds

- 2001}
ssues raised in Phase 2

z
BG Technology

TRAMSPIRE

irebail
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ements of a Pipeline |
ssessment

Fatlure cause
Failure frequency
Fallure mode

Gas outfiow
Dispersion
fgmition

# Thermal radiation
& Thermp! effects

86 T«e-cirrxologyx

Liements of a Pipeline Risk
Assessment
Cras Onifiow

@ Rapid depressurisalion

@ Crater formation

e Pipeline aligrment

@ Jet reiease {or relpases)

# Initial transient release {mushroom shaped cap)
& Quasi steady plume

% Gas outtlow initially balanced

% Decay rates determined by system

"
8G Technology

Flements of 2 Pipeline Risk
Assessment

Thermal Rediaiion

® Varies with tme
& Yaries with distance
% Varies with shape, nature ang
exient of fire
= Determined by source and
atmuospheric condilions
% Varies with atmospheric
© wansmissivity o
= Determined by humidity

Elements of 2 Pipeline Risk
Assessmient
Failure
& Faiture Causes
: External interference

= Grountd movement

¢ Material or construclion defects
& Failure Modes

= Leaks {puncturas)

« Breaks {rustures)

5
BG Technology

Elements of & Pipeline Risk
Assessment

fauition

s Up 1o ca. 30 seconds duration

= Followed by guasi-steady fire
& Delayed ignition

« Unasi-steady fire only

&
BG Technology

Flements of a Pipeline Risk
Assessment
Thrermead Rodiation

L
BG Technology




Failure Frequency Models Conscquence Meodcels

Third Party Imterferesnce Generuf
& Models devetoped usim

ot theoretics! undersianding
& Third Party interference =
ird ty interierence and results from small seate

« Predictive mode! teosts
« Models pipeline diarmeter, wall thickness, des:gn o
fztor, grade, and toughness dependent

+ depth of cover, sleeving, slabbing, surverilance s Besential to validate of large
e Corrosion scale )

¢ validaled by comparison with on-line inspection 2 BG Technology Spadeadom
s Fatigue Test Site

& probabilistic crack growth mode!

z ¢
BG Technology BG Technology

Consequence Models Consegoence Maodels
Cras Ohutfiow feivia!

colly nnsed model
w {ire size and thermat
radiat lovels
% Source. flud fiow, combustion
and radiation sub-mode
y Effects ofwmd and s
¢ Vatidated against large
tests

& Sandard Mode!
« Dyrnamic simukation mode!
= Pressure, pipeiine interna!l diameter, frictior
eftects, position of failure, boundary cond:
2 Gasunie Modet
+ Designed to model pelworks

8G Techriciogy

Censcquence Models Conscquence Models

fuitial Firchall (uasi Sreadv-stare Five - Ruproares

& Physically based model
® 11 large scale tests i - g = Source, Hlame structure,
€ §" (150mm] diameter - . ‘ 5 combustion and

pipeline ’ : , ) radiation sub-modeis
« Initiat pressures 39, 80, - s Yalidated ag t
- 120 bar : a N scale tests wi
& Sandy. clay and no soil g : release tonditons
& Frames ca. 160m high : ; & Empirical model
g . ’ + Based on many large
scale steady-state firg
tests

3
BG Technology




Conseguence Models
Thermal Effccts
@ Transient event
© Fire models run 3t ten times
# Thermal effects mode!
sums dose:
= Stationary largets
(buildings}
¢« Moving targets {people)
e Calculates
= Burning distance
(putidings}
= Escape distance {people}

& Mitigating effect of shelter N
tigating effect of 26 Technology

# Comprehensive
Programme in 3 Phases
& "Quickiest”
= "Test of Data Flow
Cycle”
= "Module Test”

Kensitivity and Unerrtainty
" Analysiy

gh sensitivity of fatlure ency models, but
nputs well kncwn
= High sensitivity 1o fire source conditions
& Uncertzinty Analysis
= Wingt conditions
# Ripaline failure orientation

[
BG Technotogy

Risk Caleulation Rostines

= Faiture position unknown
Effects considered over "mleraction leng
Firs! routine
Ingividuat risk
Generic sosietal risk
Second routine
= Societal risk for specified site
= FN curve
» Expegtation value

&
BG Technclogy

@ Predicted values shigh
conservative

#z Some mcidents had

eatures not modehied

s Flame jetting
& Two fire piumes

& Corractly predicted
response of people {e.g.

Edison, New Jarsey) BG Tachnolosy
echnology

Future Developments

r Phase 3
Probobifishc treatments

# Fir

# Refined failure freguency modeis
mprovedt thermal response moded

+ Increased {lexibility in risk catoulations

L
8G Technoiogy




TRANSCO'S HIGH PRESSURE
NETWORK
¢ 18,000 km operates
between 7 bar and 75 bar
+ 270,000 km pipelines in
total
# HP network operates 1o
{GETDM

BG Technology

S S
N | A

Al

2
8G Technology

PIPESAFE APPL

& Engroachments

= Uprating
« Routing

= Emorgency Planning

S
BG Technology

chmenis picked up b

H
BG Technology

PiFESAFE used to caiculate

» Individual risk
% Societat risk

PN

BG Technolopgy *




Several risk reduction measures considered:- Sunmymary
PIPESAFE
¢ Integrated hazard end risk assessment paskage
# Extensive vatidation:
= Large scale testing
nesdent comparison

Decision based on ALARP

# ig {lexible

= is beneficial indecssion
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Risk Based Decision
Management (RBDM)

Outline

s introduction

¢ Axioms of RBDM

e Application to Pipeline Management
o Examples

* Summary

Management/Decision Making

» Rational, consistent decision-making =
improved asset/organisation performance

¢ Improved performance = improved return
on investment

e Quality of decision depends on quality of
data

Axioms of RBDM

CAMD

1 Decision making = management

2 Risk - capital staked under conditions of
uncertainty

Balance - risk, retumns and uncerainty

All associated capital - voluntary/involuntary
Risk aversion

Optimum decision maximises ‘expected’
return

L I A S

CAMD

Pipeline Hazards (1)

» Corrosion/Material Defects

+ Settlement of Foundations/Support
Structures

¢ Landslides

# Ice/Frost Damage

» Vehicle Impact

& Storm Damage/Scour
& Maintenance Errors

CAMD

Rob Bruce, RMRI1 sion

Pipeline Hazards (2)

e Process (Overpressure/Pressure
Transients)

« Sabotage

» Earthquake

« Wave/Current Action {cffshore)
« Dropped QObjects (offshore)

& Anchor Damage {offshore)

CAMD
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Gas Pipeline Event Tree

Exly  Detected? Emmpewy Delived

Decision Criterion

Trrution? Shuidown?  Ignition? N .
- T Limtes o The optimum strategy is that which
——l__ iedire has the lowest expected cost.
P Fetfore
Prolonged Jekfiee
i Explosion Elcost]= Z.A.rﬂ JC;
% By =sum over all scenarios of
— oD ‘frequency’ x 'cost'
L——  NoDumae
CAMD CAMD
Repair Decision Bayesian Analysis
e Scour damage identified
» Decision: repair how or wait? The definition of the relationship between
— wait for better weathor? inspection strategy and the chance of
- Wait for scheduled shuidown? detecting damage can be progressively
refined using a stalistical technique known
; as Bayesian Anailysis
1If E[costﬂ:'_‘;f"“ ‘cE[«:ost:ﬁ::,‘."i’,“’I y 4

CAMD

CAMD

High Frequency Inspections

Low Frequency Inspections

~ High Inspection Cost
- High Chance of Detecting Damage
— Low Probability of Loss of Containment
- Low Expected Damage

o High Frequency Inspections:

® Low Frequency Inspections:

- low Inspection Cost

- Low Chance of Detecting Damage

= High Probability of Loss of Containment
- High Expected Damage

CAMD

CAMD

Rob Bruce, RMRI
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CAMD

Banff99 Pipeline Workshop:
Mixed Strategies Repair Decision
Strategy| Frequency) Areas Hazards
A High Al Al Fostomt
B High High Risk | Selected I _E
Low High Risk Other Y
Low Risk All Sexm ¥
c Low All Selectad Ry ¥
Medium . Al Cther
D N
: P,= Failure Probability, a function of existing state
CAMD CAMD
Tanker/Pipeline Decision Tanker/Pipeline Decision

CAMD

Tanker/Pipeline Decision

NSl D0 7OV tr Taieor v Pipeme Conona

P Camt
{wih Terir)
e
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72N
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‘!’

!

3

X

"

]

z
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KTMIPY ] 2P et Cotmt o PesePy o won Larom
el Towd  IENFV] e e Prodiee AW W (soeem |
NIV of Co o7 Pigeitet ] SI0OM | HIEM
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BT T C— | YW € i R .
CAMD

Stakeholder Effects

Fnes fom Compen-  Law High
Regulater? (=1 ] Suils?

ineident

CAMD

Rob Bruce, RMRIL




Banff99 Pipeline Workshop._ Working Group 4C

Summary

o RBDM provides a Rational Framework tor
Decision Support

¢ Identify Alternatives

# Produce Risk Profile for each Alternative

# Include all Capital

¢ Compare Expected Loss/Return of each

» Allow for Risk Aversion (if appropriate)

» Manage data in an auditable manner (DDMT)

CAMD

Rob Bruce, RMRI
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Banfi99 Pipeline Workshop Working Group 4D

Risk Assessment and Risk Management -
Communications and Public Consultation

Facilitator: ~ Mr. Anton Walker, Suncor Energy Oil Sands, Calgary, Alberta
Co-chairs: Mr. David De Gagne, Alberta Energy and Utilities Board, Calgary, Alberta
Mr. Terry Gibson, Gecko Management Consultants, Calgary, Alberta (not available)

Objectives
The objectives of this program was broken down into four steps

1. The first was how risk communication fits into risk management framework and its
importance within the overall success of the project in becoming a reality. This was
presented by Mr. James Wright of Risk Management Associates.

2. The second step was to highlight as an example the CAPP public involvement guidelines for
which operators could use in developing their own specific communication programs. This
was presented by Ms. Bev Denis of Gulf Canada.

3. The third step demonstrated a specific case study using the Caroline interrogatory process as
an example of how an effective communications and public involvement program can re-
establish trust and credibility levels within a community.

4. The last step was 10 use the principles of fundamentals learned in the first three steps and
apply those to an extreme situation (e.g., eco-terrorism) and identify the direction the
industry and regulators need to take in order to reduce the likelihood of extreme situations.

Background

A video that had been put together by CBC newsmagazine and W5 portrays the deep unrest with
a few isolated individuals near a Northern Alberta community. As expected the newscast was
not well balanced and certainly was geared towards sensationalising the situation.
Notwithstanding this, for the individuals involved the risk are real in their perception.

Because of the media involvement, the seriousness of the allegations and the environment in
which the community must exist, some response from the government and industry seems
necessary and inevitable.

Regardless of how well the regulators and industry are able to respond, they will not be able to
completely repair the damage that has been afflicted on their reputations. The object then is to
ensure that a similar situation does not recur. As such, the industry through various associations,
such as CEPA, CAPP, CGA, and regulators, such as NEB, EUB, TSB, etc., must develop
mechanisms that ensure that the principles of risk communication are adopted and used
accordingly.

Rapporteur - S. Kandaswamy, Univ. of Calgary 1



Banff99 Pipeline Workshop Working Group 4D

Observations and Challenges

After the presentations, the floor was opened for discussion during which several observations
were made that pose challenges to the industry and regulators in addressing risk communication
effectively.

Regulators

It was observed that regulators should establish their credibility independent of the industry in
order to be objective and provide effective mediation. The challenge for the regulators is to
ensure that there is a level playing field with regard to public involvement and community
relations programs by establishing clear expectations so that there is no doubt about the level of
commitment required by the industry.

Media

It was observed that the media has a critical role in shaping reactions among the public and
interest groups. Media often does not portray the complete information and may be biased
towards issues that are controversial. It is found that the industry is generally reactive rather than
proactive. It is, therefore, a challenge for the industry to ensure that a balanced picture about its
activities is presented-all the time.

Industry

Part of the problem that the industry faces with the public is its piece-meal approach to
development. In addition, part of the public animosity faced by the industry is due to an increase
in new projects, media hype and the numerous players involved. Another significant problem is
the increased pace of the industry. Many decisions are made to meet approvals in the short term.
The challenge for the industry is to include the public in the overall industry development plans
for a particular area. It is also important to build trust through effective relationships, admit to a
mistake when it occurs and make a commitment to ensure effective public involvement.

Information and Training

While there is a comprehensive manual on public involvement prepared by CAPP, there is
inadequate information on risk communication and its process. It is, therefore, necessary to
develop a risk communication handbook that should be a companion to the CAPP public
involvement manual. For this purpose, a committee should be established under PRASC to
develop the handbook, promote risk communication and train personnel in the industry.

Rapporteur — S. Kandaswamy, Univ. of Calgary 2



CAPP Public Consultation

Guidelines
Presented by

Bev Dennis, Community Relations Coordinator
Gulf Canada Resources




This Presentation Will .Provide:

I an historical overview of consultation
processes

1 a review of public involvement
principles and practices

I a description of how these principles
can be effectively applied to work with
the public in the oil and gas industry

I available resources

1 issues G‘PP

2



A History of Public Consultation

I Canadian oil and gas industry produced public
consultation guidelines in 1989.

1 A formal review of these guidelines took place
in 1992,

1 Multi-stakehoider, multi-sector committee.
1 Resource collection housed at Mount Royal College
I One day training course.

GiPP .

The Canadian oil and gas industry commits significant resources to
developing positive relationships with the public as a means of
improving the overall business environment. However, public
cynicism an changing regulatory requirements are causing our
industry members to address a broad range of public interests more
consistently and proactively than in the past.

For the Canadian oil and gas industry, formal development of
processes to assist public involvement began i 1986 with the
Canadian Petroleum Association’s Environmental Code of Practice.
It was followed in 1989 by the CPA’s Public Consultation
Guidelines.

In 1992, the CPA and the Independent Petroleum Association of
Canada merged to form CAPP. In that year, a multi-stakeholder and
multi-sectoral process was Initiated to improve and expand the
guidelines. The result was a comprehensive guide for public
involvement and a collection of resource materials available to
CAPP member companies which 1s housed at Mount Royal
College’s city centre location.



Why Consulit the Public?

I It’s the LAW...
1 More Informed Public

1 Less Tolerant Public

G\PP .

Public consultation has taken on a new significance in the last couple
of years. The reasons are many and the benefits even greater. One
of the most important reasons, however -- it’s the LAW.
Consultation is legislated and minimum requirements have been
mandated.

Secondly, the public is more informed, better educated, and therefore
more concerned about what is happening in their community. And if
there’s going to be development, there had better be some direct
benefit back to that community.

And lastly, the community is far less tolerant and more demanding
that companies be accountable for their activities, their impacts and
their errors, as well as the actions of their employees and contractors.
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What is Public Involvement?

1 Public involvement goes beyond informing
people to involving them in decisions that
may affect their lives.

GiPP .

*Process through which relationship building occurs.

*Needs to be integrated into your project planning and decision
making processes (early and throughout).

*Must address both the specific nature of the company and the
unique characteristics of the interested and affected stakeholders.

*“F1t for purpose” - not a cookie cutter approach.



Why Consult?

i It’s the “right way” to do business

1 It’s the “smart way” to do business

G\PP

Involving the public is the “right way™ to do business:

Effective public involvement can help build cooperative working relationships
with local communities, interest groups and governments at all levels in areas
where your company operates or hopes to operate. It can achieve balanced
decisions and resuits that are effective, fair and enduring, and that respect the
knowledge, values and rights of all affected parties.

Involving the public is also the “smart way” to do business:
*Establish good relations with residents, representatives and stakeholders
*develop positive attitudes toward your company’s activities

provide accurate information to the public about your activities.



Benefits of Public Involvement

Local partnership rather than a “critical eye”
Minimize regulatory intervention

Identifies and resolves issues/conflicts

Provides early warnings about issues before they
escalate

Foundation for resolution of problems & incidents
Industry makes better decisions

Competitive advantage

I prevents delays

1 intervener support

Saves Money

[ reduces liabilities

| hearing, staff, intervener costs




o

.

Costs of NOT Involving the Public

I Do not under estimate the power of the
public.
1 Increased difficulty gaining approvals and licenses from
reguiators.

1 Escalation of issues, requiring more costly mitigation,
enhancement and compensation measures.

1 Delays, lengthy and costly public hearings, project cancellations,
and long term opposition to your company.

I Bad publicity, damaged reputation and time required for the
associated damage control.

I Formation of polarized groups that fight any kind of development
1 DPevalued standing with shareholders and customers.

G\PP .

You may have one of the greatest engineered projects in the world,
but 1f the public doesn’t understand it, or want 1t, 1t likely won’t get
off the drawing board.

Examples:

The EUB recently pulled a company’s approved application for an
$11 million pipeline, with surveying and construction underway, in
the Rimbey area because a local farmer felt he had been excluded
from intervening in the project because he didn’t have information.



Mission Statement:

To achieve balanced declswns and
results that respect the knowledge,
values and r:ghts

of ailzge ;jjmterests

GiPP

10



Public Involvement Guidelines

I Shared Process

Develop together a
readily understood
process among
participants by
negotiating.

G\PP .

Shared Process:

*scope and terms of reference that identify decisions that ARE and
ARE NOT open to input

*expectations and objectives
*benefits and losses

sconstraints and boundaries

eroles, responsibilities and protocols
timeliness

control and enforcement

*ways and means to share resources
*monttoring and evaluation

*ways of handling disagreements

11



Public Involvement Guidelines

I Respect

Demonstrate respect for the participants and the
process.

GiPP ..

Respect:

*honoring diverse cultures, perspectives, values, approaches and
interests

declaring one’s own interests, values and perspectives to other
participants

erecognizing the legitimate rights of stakeholders participate in
decisions affecting them

-Interacting honestly, openly and ethically
*bridging differences with integrity and courtesy
~acknowledging participants’ professional codes of practice

adhering to objectives, expectations, commitments and protocols
agreed upon for the process.



Public Involvement Guidelines

I Commitment

Demonstrate commitment to
the process and results.

G\PP .

Commitment.

sengaging affected interests in defining problems, expectations and
objectives

building trust and relationships from the outset, with a long-term
orientation

«following through on commitments made during the process
incorporating input from all participants
sfostering collaborative and voluntary agreements

smaintaining a constructive, problem-solving focus.

13



Public Involvement Guidelines

F Timeliness

Demonstrate that time is
an important resource

Timeliness:

*sharing information early and often to assist all interests to prepare
and to act knowledgeably

‘providing early and adequate notice of opportunities for
mvolvement

negotiating timelines among participants
*establishing and adhering to realistic deadlines

sresponding in a timely manner to questions and requests.

14



Public Involvement Guidelines

I Relationships

Establish, maintain and enhance
relationships.

QPP .

Relationships:
«fostering trust and respect through performance

facilitating the voluntary building of ongoing, constructive
relationships

«improving the quality of existing relationships among participants

15



Public Involvement Guidelines

I Communication

Communicate effectively to
develop mutual
understanding.

GiPP .

Communication
«listening carefully
*being honest and open
*using plain language

-providing opportunities for information exchange and mutual
education regarding interests, objectives and values

16



Public Involvement Guidelines

1 Responsiveness

Demonstrate flexibility and responsiveness.

G\PP

Responsiveness

srecognizing that public involvement 1s a dynamic,ongoing process
building flexibility into the process

sbalancing participants’ and process needs

smoving towards objectives and using resources effectively
sincluding and using feedback mechanisms

«continually evaluating and modifying the process in an ongoing
manner

17



Public Involvement Guidelines

I Accountability

Demonstrate accountability to affected interests and
process participants.

GiPP .

Accountability

*encouraging participants to solicit input form their constituents and
to maintain communications with them

expecting participants to commit to and follow through on the
negotiated process and its results

*becoming familiar with the rules and regulations affecting the issues
under discussion

18



Unless you are willing
to consider the answer --
don’t ask the question.

G\PP

A company needs to be clear about how much influence (and over
what aspects of decision making) it is prepared to share.

19



Levels of Public Involvement

Self - Determinism
Delegated Authority
Joint Planning
Consultation
Information - Feedback
Education
Persuasion

20
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Costs of Public Involvement

“Why can’t we find the time and resources
to do it right the first time, when we find

the time and resources to do if over?”

i Anonymous

G\PP .,

Public involvement is an investment, with benefits, risks and costs. But like
contingency planning in a safety program where it can be difficult to assess the
cost savings attributable to accident prevention, it is not always possible to
comprehensively estimate the benefits, or quantify costs and savings of an
effective public involvement program.

One easily identifiable cost is personnel. Some companies hire community
relations or public affairs staff who can act as internal consultants on public
involvement for a broad range of company plans, projects and operations.
Others contract external public involvement consultants to assist with a
particular project of problem. Still other companies train existing staff in
conflict resolution, public involvement and communications.

Hiring staff and training or engaging experienced consultants may appear to be
costly in the short term. However, these costs for public involvement can be
relatively small compared to the potential costs of failed communication. A
poorly conceived, inappropriate public involvement process for a development
or operation can result in concern and conflict related to both the development
and the communication process.



Five Steps of Public Involvement

“If you don’t have a plan for where you're
going, you may end up somewhere else.”

1.

2
3
4.
5

Establish a preliminary plan.

Make initial community contacts.
Prepare a detailed plan.
Implement public involvement plan

Monitor, evaluate, and follow through.

C‘APP 22
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Step 1
Establish a Preliminary Plan

Objectives

I To identify issues that might be raised by a particular
project proposal or activity.

I To determine the public groups that will probably be
interested in reviewing or influencing your company’s
preliminary plans.

GPP .

v' What  publics (e.g., residents, landowners, aboriginal
organizations, community associations and others) should be
contacted about the project?

v' Which formal or informal leaders and organizations should be
consulted?

v' Which government and regulatory authorities (e.g., local, regional,
provincial, national or First Nations, as appropriate) should be
contacted and in what order?

v’ What types of issues or concerns do you expect these publics to
raise about the proposed activity?

v' What information will these various publics need (e.g., maps,
project descriptions or reports) and how can this information be
prepared in a form that is understandable and useful to them?

v’ What groups or departments within the company should be aware
of plans to initiate a public involvement program?

v' How and when will the public involvement program be integrated

with the company’s project planning and decision making
processes?

v' What budget and other resources might you need?



Step 2
Make Initial Community Contacts

Objectives

I To start the public
involvement process

I To obtain information from
initial contacts to prepare a
more detailed public
involvement plan

G\PP .

v'List government agencies, formal groups, informal groups,
individuals, and formal and informal community leaders likely to be
interested in company plans

v'Describe the major issues likely to emerge during the involvement
process

v'Estimate the level of public interest in and significance of these
Issues.

24



Step 3
Prepare a Detailed Plan

Objectives

I To.allow your company to think its way clearly
through the entire public involvement process.

I To integrate public involvement activities with
decision-making processes.

wp 25

Your public involvement plan should be appropriate to the type of
project or activity your company 1s involved in. The level of detail
will vary depending on the scale and sensitivity of the project and
the nature of public interests. The plan should include

v The objectives of the plan
v'A description of the major issues
v’ A list of key publics

v An estimate of the level of concern these publics will have for each
of the major issues

v'A description of the decision making process

v' 4 list and schedule of activities including assigned responsibility
for their completion

v'Identification of intervals at which the plan will be reviewed

v'Methods that can be used to evaluate the success of the plan after
it is completed



Step 4
Implement Public Involvement Plan

Objectives

I To assess information about issues you have
received from the public

! To generate options or project modifications to
resolve public issues

1 To reach mutually agreeable solutions through
negotiations and co-operative problem solving

&PP 25

Use a variety of approaches and adjust your program as you go to
reflect the needs of your publics and the feedback received.
Developing and implementing a detailed public involvement plan
will help you to:

v'Develop relationships based on trust and credibility

v'Document, analyze, assess and categorize the information you
obtain

v Clarify issues, and identify options for resolution
v Build consensus and implement mutually acceptable resolutions

v Improve planning and decision making

26



Step 5
Monitor, Evaluate & Follow Through

Objectives

I To ensure you have built a public involvement
program that’s right for your company and your
publics

1 To evaluate your program to make sure it’s working
I To find opportunities to improve your program

1 To create lasting positive relationships with your

publics
PP .

Monitoring, Evaluating and Following through are essential in
public involvement. They close the management loop. Reviewing
and evaluating your company’s activities, following through and
following up on the public’s concerns will:

v’ Enhance your company’s ability to operate in a particular area

v'Help your company in developing a sound management approach
to public involvement throughout its areas of operation

v Improve your ongoing public involvement programs

27



In the Guide:

I Toolbox:
1 Glossary of terms and techniques.
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Tool Box

1 How to:

I Set up advisory committee or task force
I Run an effective “public meeting”

I Host a successful “open house”

GAPP




In the Guide

Trust and Credibility
Common Problems
Communication
Communities and Cuiture
Conflict and Consensus
Pianning

Regulatory Requirements
Strategic Consideration

1 Backgrounders to help you better
understand the benefits, challenges and
processes of public involvement.

Financial & People Resources

GPP .

Trust and Credibility

*building positive relationships
*building personal ust

*building corporate trust

*building an open and credible process

Common Prablems

~conflicting company messages

sdifferent companies working at cross purposes
+false expectations by participants

*puzzling recommendations from the public

*losing contact with the wider public

sparticipants who seem determined to cause trouble
*public rejection of your public involvement program
problems caused by corporate deadlines

Communication

slistening and talking effectively
*feedback- getting and giving
snonverbal communication
*probing and being a good listener
erisk communication

Communities and Culture

-differences in types of communities

=differences in density, history and culture

*identifying formal and informal community leaders
*public involvement with aboriginal communities and First
Nations

+legal and regulatory background to aboriginal communities
spetroleum industry relations with First Nations

Confliet and Consensus

slevels of conflict

*degrees of resolution

developing a shared evaluation of options

Planning

+planning matrices to help you develop and record your
pians

*guidelines for documentation to ensure you keep
accurate and useful records of your public involvement
plans and activities

+guidelines for ensuring your emergency response
planning includes meaningful public involvement

Financial and People Resources

=estimating a realistic budget

=picking the right people - clarifying your needs
*developing your corporate training program

Regulatory Requirements

Strategic Considerations

+demystifying decision making

+determuning the scale, sensitivity and nature of publics
+extending public involvement from cradle to grave
stiming - start early

+addressing management responsibilities



In the Guide

1 Examples and Exercises

I to learn or teach others about effective public
involvement

1 Resources

! description of other reference material
1 bibliography of documents and other guidelines

GAPP

31
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““The need to build trust and communicate does

not go away when an event is over, a crises has
passed or the financial results are out. It’s an
integral part of the day-to-day management and
leadership of a company. And that is the same
regardless of its size.”

Rick George
President and CEO, Suncor

G\PP
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Banff99 PipelineWorkshaop Working Group 5

WORKING GROUP 5 COMPANY UNIFICATION
Wednesday April 13, 1999, 8:15 a.m.
Co Chairs — Bruce Dupuis, (Integrated Integrity Inc.) / Keith Leewis (GRI)

Name of Speaker — Wanda Alison, TransCanada Pipeline, IT Department
Topic - Pipeline Integrity’s Common Data Management Approach
Summary: Discussion of the decision process to move (0 a unified data model after the merger and a highlight of
the hurdles faced. Benefits of integration were identified as;
Increased efficiency in data cotlection and management
Increase efficiency for management of TCPL’s assets
Improved business and customer service through the use of integrated, consistent and timely data
Improved understanding and capability of data sharing by integrating maintenance activities.

Key elements of a successful integration are:
Program sponsorship
Multi-disciplined team — build parmership
Communication
Organization Structure that supports Decision Making
Documented benefits & cost savings
Balance Integration & Implementation Decisions

Speaker Name: Sean Black, Williams Northwest Pipeline

TOPIC: 5 into 1

Summary: Discussion of the issues addressed and the problems faced in moving the five companies in the Williams
famiiy to a unified risk assessment and management process.

Overall:

The discussion focussed on the applications used to facilitate a unified data structure (i.e. GIS). Although this
technology was identified as not necessarily required, it was seen as 2 common platform to share to data within an
organization. It was suggested that a protocol for evolving from the spreadsheet (o database to GIS would be of
benefit for companies facing this issue. Sean with Williams emphasized the value of an enterprise data management
tool in maintaining knowledge within a company given the mobility of people.

The cost associated with unifying data within a company was difficult to capture when all aspects are considered.
The importance of a corporate champion and a multi-discipline coordination group was emphasized, with
communication in general bring the key 10 success.

The potential value of open structure vs. third party owned GIS systems was introduced.

WORKING GROUP 5 INDUSTRY UNIFICATION
Wednesday April 13, 1999, 10:15 a.m. Session

Speaker: Mel Hutzi/ Mary Kai Manson

Topic: Pipeline Industry Unification: Data Management Standards, Leveraging The PPDM Experience

Summary: Presentation of the evolution and scope of the Public Petroleum Data Model. Model managed by a self
funded independent governing organization. Since it’s formation in 1991 it has grown to a world standard for the
upstream industry.

Rapporteur - S. Jacobson, Foothitls and B. Dupuis, Integrated Integrity Inc. 1



Banff99 PipelineWorkshop - Working Group 5

Speaker: Wayne Feil, Imperial Qil,

Topic: PRASC

Summary: Emphasized the necessity of the industry providing input into the direction of the PRASC incident
database and it harmonization with other databases. It was suggested that a common data dictionary would be a
prudent place to start, rather than going directiy into data consolidation.

Speaker: Glenn Yuen, (Dynamic Risk)

Topic: ISAT 2.0 Pipeline Open Database Standard (PODS)

Summary: PODS is a proposed unified data model for the pipeline industry to facilitate sharing and analysis of
data, and reduce costs associated with application customization . The scope of PODS includes all assets associated
with the pipeline including compression facilities. Unlike the original ISAT, PODS is designed to support GIS
technology with its structure. PODS has evolved with significant input and support from software and application
vendors.

Discussion:

PODS was clarified as a data model (it facilitates functionality, but does not directly provide any).

There was broad support for industry harmonization in terms of data dictionaries and data models. The “go
forward” for industry harmonization requires a structured process and direct participation from the owner/operators
with broad representation. However, a process to continue was not agreed upon.

Key Points of the Information Management
¢ Compatibility

¢ Benefits: Quantify

Incremental —Cross Fertilization / Use
Small Successes — “KISS”

Scaling Protocols — Small /Middle /Large enterprises
Simple to Multiple Coordinates Systems
Structured Data Across Industry

Tie Common Data Together
Standardization

Feed Regulatory Compliance

Buy In - Formal Structure

* ® & & & & ¢

Rapporteur - S. Jacobson, Foothills and B. Dupuis, Integrated Integrity Inc. 2
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Banff/99
Pipeline
Workshop

HAL GIC

Pipeline Industry Unification:
Data Management Standards
Leveraging the PPDM Experience

Mel Huszti / Mary Kai Manson

April '99

\'\,‘chi:\g Gmuﬁ S

% Are you interested in ...7

Adding Value and Enhancing

Productivity through:
e Enabling quick deployment of solutions
& Benefiting from new technology

e Supporting process re-engineering

o Reducing dependence on any single vendor

@ Increasing your data value; managing data as an asset
e Ataining “plug” & “play” interoperability

If so ...

then
Industry Data Management Standards

are an essential component of your
company’s business strategy.

HA B GIC .
: Overview

s Data Management Standards

e The PPDM Experience

« Options for Achieving Pipeline Standards
o Standards Organization Checklist

o Discussion

» how data is described & stored
» what data is stored
# Require Consensus and Scalability across:
» Projects
» Functional Groups
» Intra-company
» Inter-company

Apeil W

Mgl Ait 99
HAEGIC HAEGIC Elements of Data
Data Management Standards
9 =@ -Management Standards
» Impact o Data Definitions

» data dictionary
e Data Model
» describes relationships between data
» logical description
» physical implementation
o Reference Data

» standardized data content eg. fluid names, units
of measure, facility codes, etc

Al

M Huszh + MK ManSen




HASGIC

The PPDM Experience

¢ Public Petroleum
Data Model
Association

o www.ppdm.org
e (403) 660-7817

Apdt e

HAEGIC

Mission Statement

“PPDM Association is a non-profit
organization through which members world-
wide cooperate to develop an open standard
data model as the foundation for managing
data as an essential asset in the global
business of oil and gas exploration and
production.”

Agrit 99

PPDM Association -
Startup Triggers

o Business problem - reduce data management costs
e Required multi-company solution & perspective
e New technology available: client server

e Perceived exponential increase in value realization
through broad industry adoption

e Neutral forum required to support industry co-operation
» PPDM - a non-profit organization was formed in 1991

Aprit e

PPDM Profile

e Neutral, open environment
o One member, one vote
e Business driven sustained growth in
» deliverables, membership, funding
o Govemnance - International Board, CEO
s Current Funding - membership fees, project funding
® Resources - contract staff, member volunteers

Aprt

Membership Distribution

Approx. 100 members

Cansda USA

Ouliside
N.America

Based on membership fet revenue

Apeil

HAEGIC

Membership fees ‘98-'99

B3
B

Based on revenue in US dollars

825,000
20,000
$13.000
“ $10,000
$5.000
Assotiale (non-voling) © [ o | | | I—I
<$1M revenue: foc $425 <$10M { <$K00M | <$1B | <$10B | >$10B
CiFes] 31300 | $2.600 | 4.300 | 8500 [s22000

$US Revenue

Apnt =
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HA B GIC ot Hattcic Model growth: business areas
o Growth of the PPDM Association w Life cycie of a property asset
Seiamic Wells Reserves  Faciliies Prod'n Financial
i - ,/ v, ,/ _
300 .
i 20 e Process v W v
w0 VA Market v v '
omnuasnwnw Aumv ‘/ ¢ v «
Rscal yoar srd Compleied  50% &%  60% <% o e <%
Cumnulative: SCDN 2.1 million Inv3a
Subject Distribution HA H GIC PPDM -
in PPDM 3.4 =" ihc /nvisible Defacto Standard

#» PPDM - in use worldwide
o PPDM - defacto standard in Canada

e PPDM - is or is becoming a defacto standard in many
other regions of the world

e PPDM - most users unaware they rely on it
# PPDM - demand for further model expansion

[H Al

PPDM Evolution - Key Events w— PPDM Deliverables

e 199] PPDM Association initiated ® Data Model - DDLs in Oracle
e PPDM / POSC merger initiatives » Tables, columns, keys, constraints, indexes
» Project Discovery collaborative effort ¢ Documentation
e PPDM v3.4 comprehensive integrated release - » Entity-rejationship diagrams

December ‘97 » Business requirements
e PPDM v3.5 alpha testing in progress » Architecrurzl Principles

» Stratigraphy. Land Surface Rights, Business o Future

Associates, Facilities, Named Areas » Populated reference tables

o New initiatives - Compliance. Spatial, Populated » User guides

reference tahles Sample implementation
Agril % E? April w0 1]
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Architectural Principles

® A set of guidelines for model design
» Table and column names
» Field types and lengths

» Constraints %

» Units of measure

» Geographic references Q
» Extending or sub-setting PPDM

o Consistency and ease of use
# Facilitate new module development

SRR s o

Aptl 9

HAHGIC

Wells

» Covers well reporting requirements
» General, scouting, licenses and permits
» Positional, directional survey

» Drilling & compietion events ]
» Cores, pressure tests, logs, fluid analysis
+ Tops, interpretations, velocities

HA #GIC . .
Production Information

s Production data supported for
+ Wetl

Production string

“Production it formation
Commingled production

+ Facility

Field / pool / county

+ Lease unit (Land right)

+ Business unit

T

v

HA%.GIC Production Information

e Allocation

e Forecasts

¢ Volumetric data
» Allocated / Measured
» By substance
> Monthly / daily

» Cross reference to corporate entities
such as wells, facilities Jease units
etc. \
» Track multiple
versions of the data

e Future support for reserves data

Seismic

e Ficld scquisition %G5y~
s Processing
o Time picks
o Restricted coverag
. marine, 3-D,
. incerpreted features

Apeil %0
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HA B GIC . ] .
- Seismic Geodetic

e Geodetic transformations
» Geodetic datums
» Map projection
o World-wide applicability
e Seismic survey point reference 1o
= monuments
. facility
» well node

Apal

HA % GIC

sumeny !nformation Management

e Manage data not actually stored in the
database

» paper files and boxes of data ) W

» maps, sections, paper logs ...

- digital data (disk, tape, optical disk, flat files._.)
e Physical products linked to seismic line etc,
¢ Indexing, circulation, maintenance

Apeil 90 8

HAEGIC Land Mineral Right &
gz Contracts

o Mineral Rights
» Surface & sub-surface
description
» Analysis & maintenance
« pre-acquisition, acquisition,
obligations, relinquishrnent
e In Progress
» Contracts, surface rights

Apei) o

HAZGIC Integration in PPDM 3.4

& Model integration {Wells, Land Mineral R:ghls
Production) .

® Prefiminary
» Explicit connections
» Spatial

Apnl 0

@ Not more than every 2 years
@& Major release (v3.x,vdx . )
» New Architectural Principles
e Subject release (v3.4,v3.5 ..)
» Increase depth and breadth of model
® Correction release (v3.41,v342 )
» Critical corrections to subject release
@ Test versions
» Aipha(v.

April

Options for Pipeline Standards

e Go it alone:

» Create a new Pipeline Data Management Standards
Association

o Partner with other industry data management
standards initiatives (eg. PPDM)
» a formal or informal arrangement

e Wait for integrated commercial solution or
partnership alliances

M Huszh + MK Manson




HAZGIC Standards Organization Checklist

et cont'd

HA B GIC

Standards Organization Checklist

o Clear business drivers - Value realization, alternatives
» Broad industry support & involvement

o Funding base - adequate, stable, desired type

» Development process & skills

e Standards Clarity
» Architectural Principles
» Sample Implementation
» Populated Reference Tables

» Govemance - Managing diverse stakeholders
» Compliance Measurement

» Marketing & Communication infrastructure
o Technology curve positioning
® Scope of standards - Integration

April 92

PPDM Strengths LS Perspective

e History has shown that data management
standards are difficuit and expensive to
develop. They require 2 sustained broad
base of industry support.

@ Neutrality - balanced input & removal of biases
@ Necessary core compelencies - proven processes
¢ Model foundation: primed for take-up, based on

proven relational technelogy ) .
o Ultimately only good standards will be

adopted. They don’t need to be perfect.

& Measurable success - international track record
» Demonstrated industry support . .
o Solid organization - worldwide membership e Standards add extensive business value.
Your commitment can make it happen.

m

Al 99 3 hprl 99 M
HAZGIC HaEGIC . .
i Thankyou — Discussion
» Husztl Associates Ltd » Great Ideas Consulting Ltd e Leveraging from the PPDM Experience
« Mel Husztl o Mary Kal Manson
o (403) 239-0512 » (403} 870-814¢
s husztim@cadvision.com = gle@nucleus.com
s Extensive PPDM experience: » Extensive PPDM experience:
founding member *90, current member; member Board
member Board of Directors of Directors “93-"97; Co-
*90-'95; Executive Director Executive Director ‘97-'99.
‘9599,
Agril w9 sk Apnil % »




Banff99 Pipeline Workshop

Working Group 5

ISAT 2.0 (PODS)

Pipeline Open Database Standard

Presenter: Glenn Yuen, P.Eng.
Dynamic Risk Assessment Systems

PODS Pipeline Open Database Standard

m Overview & New Features

u Benefits

= Compatibility

s Who's Using ISAT

m PODS for Totsl Data Management
a PODS in Integrity Management

m Example

Overview

m Extensive Upgrade of GRI ISAT (1995)
w Standard definition for data storage

m Enterprise database

a Not vendor dependent

= Starting point which can be customized for
each operator

Overview

u All pipelines (Producer, Transmission, and
Distribution)

m All pipeline assets and integrity related data

& Directly supports trending, faiture models,
risk assessments

New Features

= Optimized for modem GIS software and
databases

a Optional implementation of certain features

m Historical tracking

m Improved network model

m Pipeline coordinate warehouse

m Multiple pipeline geometries including
schematics

m Multiple linear coordinate systems

New Features - Integrity

m Inline Inspections

m Excavation Data

m Surface Measurements
a Corrosion Facilities

m Repairs

= Risk Assessment

G. Yuen, Dynamic Risk




Banff99 Pipeline Workshop

Working Group 5

PODS Benefits

m Reduce Costs
- Most of the Work is Done
— One Source For All Data
— Eiiminate Duplication of Effort
- Standard Formats For Data Vendors
— Encourage Application Developers
= Corporate Wide Data Sharing
= Enables Industry Coilaboration

Compatibility

a ESRY, Intergraph, and Smallworld GIS
w Oracle, Sybase and MS SQL Server

w CEPA SCC Database

m National Pipeline Mapping Standard

m PPDM {Public Petroleum Data Model)

m ILI Specs from Pipeline Operator Forum
a MFL Data Formats

m Excavation Data Collection and Cormrosion
Mapping Techniques

Who's Using ISAT?

Operating Companies

a Wiliams Companies & Southem Natural
u Duke Energy m Mobil

& TransCanada/Nova & Sheil

m KN Energy u Chevron

& Dynegy m Sante Fe Pipeline
= Enron & El Paso Gas

» Marathon n Colonial Fipeline

# CMS Energy (Panhandle) m Buckeye Pipeline
s Coneco m Air Liquide

Who's Using ISAT?

Application Developers

= Bass-Trigon m Geofields

m Dynamic Risk = Intergraph
Assessment Systems = M] Harden

m Eagle Information s New Century
Mapping Software

= ESRI m Smailworld

Available Third Party
Applications

= GIS

= Facilities and Database Manager

m As-built Generators

= Risk Assessment & Integrity Assessment
m Inline Inspection Data Analysis

m Query & Correlation Tools

(. Yuen, Dynamic Risk

PODS for Total Data
Management

= All Physical Pipeline Facilities

m Interface with SCADA, Data Collectors

m Coordinate Data From All Sources

m Network Hierarchy, Stationing and Equations
m Operating Information

m Regulatory Compliance and Information

= Crossings

m Population




Banff99 Pipeline Workshop

PODS In
Integrity Management

& Inline Inspections

m Hydrostatic Tests

w Excavations and Defect Measurements

m Soil, Corresion Deposits, Electrolyte Samples
= Repair History, Pipe and Coating Condition
= Surface Measurements

m Soil and Environment

m Risk Assessment Resuits

Working Group 5

Possible Applications/Analyses

m Unlimited Ways to Correlate Datasets
m Advanced Trending Studies

» Data Mining

m Pit Matching

u Corrosion Growth Models

® 50ils Models

® Excavation - ILI defect correlation

m Excavation Planning

Possible Applications/Analyses

® Advanced Failure Models

m Risk Assessment

a Sirmulations

= Maintenance Planning

m Code Compliance Audits

m Effective Visualization of Problems
= Emergency Response

m Insurance/Financial Loss

More Information

& Sponsor

a0 Design Team

G. Yuen, Dynamic Risk
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Banff 99 Pipeline Workshop

In-Line Inspection Working Group

Working Group 6 - ILI

Co Chairs: Bruce Lawson: WestCoast Energy, Arti Bhatia: Enbridge Pipelines

Rapporteur: Bryan Scott: Enbridge Pipelines

Summary Of Presentations

Segment #1

ILI Tools for Corrosion, Mechanical Damage and Other Inspection.

Presentations:

David Hektner/Jeff Sutherland
BJ Pipeline Inspection Services

Topic: Vectra MFL Tool

Summary: The Presentation will cover the operation of the Vectra MFL tool and the
related software technology. The following describes the areas to be covered:

Vectra System Applications

- Speed Control for High Velocity Gas Pipelines,
- Inertial Measurement System for :
GPS Location of Features and Anomalies,
and Pipeline Mapping for GIS Integration,
- Tri-Axial Sensor Technology for High
Resolution Defect Sizing,
- ‘Near Virtual Reality’ VECTRA VIEW
data analysis software.

Benefits

- High Capacity Gas By-Pass Speed Control,

- Tri-Axial, High Resolution Sensor Technology,
- Inertial Mapping;

-‘Near Virtual Reality’ VECTRA VIEW Software;
- Pre-Packaged inspection Database for GIS.

Rapporteur — Bryn Scott, Enbridge Pipeines Inc.



Banff 99 Pipeline Workshop Working Group 6 - ILI

Keith Grimes, Pipe Integrity International
Topic: ILI Tools for Corrosion

Summary: Handling large data volumes, LAPA, Corrosion Growth, Girth Weld
Inspection, Hard Spots, Blisters, Dual Diameters, Variable Bypass, Spatial Analysis.

Tim Marston, Pipetronix Limited
In-line Inspection Data Management

Integrating ILI resuits together with other inspection survey results, combined with all
available pipeline system related information as the basis of pipeline data management,

Bryce Brown , Rosen Pipeline Inspection
Topic: Latest Developments — In-Line Inspection

Summary:

This presentation is meant to give the audience a general impression of the
technologies available to date and into the near future. This includes the following
topics:

Maintenance/Pre-inspection Pigging,
Geometry Inspection,

Metal Loss Inspection,

Speed Control,

XYZ Mapping,

and Reporting

SO W~

The representatives from the ILI companies will describe the latest technologies in
corrosion inspection, mechanical damage, high-resolution caliper and inertial tools.
Discussion:

Risk Analysis using MFL.

A question was raised as to the accuracy of defining pitting corrosion. Is the old data
valid given the fact that the technology has improved?

Rapporteur ~ Bryn Scott, Enbridge Pipeines Inc. 2



Banff 99 Pipeline Workshop Working Group 6 - ILI

Vendor’'s Response:

Reliability and Confidence in the Tools

Vendor Statement: Even the best tools cannot achieve 100 percent reliability because
you have to make allowances for defect differences, normalizing data sets based on
girth weld signal matching.

In order to improve reliability there also has to be feedback from the operating
companies regarding the effectiveness of the inspections and validation in the field with
respect to tool performance.

Definitions

Operator Input:

Discussion of the term “high resolution” was initiated. Most operator's felt that the words
are used to better advertise the tool and Mmay not necessarily related to tool
performance.

Vendor's Response: The vendor's were in agreement that the tool performance was the
defining factor not the too! title.

Automation of Data Analysis

Operator Question: The operator's requested an explanation of the degree to which
automat6ion (“non-human factors” — computer based analysis).

Rapporteur — Bryn Scott, Enbridge Pipeines Inc. 3



Banff 99 Pipeline Workshop Working Group 6 - ILI

ILI contracts:

The operator's were questioned about their views on a two tiered/staged contract
execution and payment schedule. The first stage would outiine the requirements for
performance in the field and attach a certain cost to this work. The second stage would
outline the requirements for reporting and data validation and attach a value to this
work. Most operators felt this was a good approach to ensure some integrity and
performance from the toois

Confidence Levels:

The vendor's were asked about the level of confidence with their tools. The vendor’s
state that the level of confidence is related to how much information they have about the
nature of defects on the line being inspected. The contracts are usually reported to an
eighty- percent Confidence Interval Performance Specification. If more information is
given to the vendor’s prior to the inspection, and post inspection with validation, this
confidence will be bettered.

Accuracy - Improving tool capabilities.

It was emphasized by the vendors as a result of the last statement better confidence
can be achieved by better information on the line however improved accuracy has a
higher cost component. The vendors did caution the operators that the iimitations of
accuracy limits are a direct function of the physics of the MFL technology and that
improvements over the commercially stated +/- 10 percent is unlikely. :

Summary Of Presentations

Segment #2
tLI tools for Crack Detection

Presentations:

Keith Grimes , Pipeline Integrity International
Topic: ILI for Cracking — TFI

Summary:

The shortcomings of “standard” MFL, TFI Methodology, Data Comparison, Result,
Future Plans.

Rapporteur —~ Bryn Scott, Enbridge Pipeines Inc. 4
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Banff 99 Pipeline Workshop Working Group 6 - IL1

Neb Uzelac, Pipetronix Limited
Topic: Sensitivity and repeatability of detection.

The UltraScan CD tool was discussed and it's capabilities for detection of SCC. The
results of a recent inspection were demonstrated and reinforced the high level of issue
of reliability and repeatability of the tool.

Patrick Porter, Tuboscope Vetco Pipeline Services
Topic: Electromagnetic Acoustic Transducer (EMAT)
Summary:

Tuboscope Vetco Pipeline Services (TVPS) is testing EMAT technology for the
detection of Stress Corrosion Cracking (SCC) using an in-Line Inspection tool. Gas
Research Institute (GRI) and T. D. Williamson (TDW) developed this technology over
the last 12 years. It was originally developed to detect and quantify corrosion defects in
operating pipelines and was recently modified to the SCC detection application. TVPS is
working with GRI to commercialize the system developed. A prototype tool has been
built and tested. The first tests were conducted in the Pipeline Simulation Facility using
crack defects designed by GRI. The tool has also been tested in several operating
pipelines. This paper will review the novel aspects of the technology; the results of the
field trials and speculate on the commercial potential and schedule for the inspection
service.

Martin Phillips, Pipeline Integrity International
Topic: Pll Elastic Wave Crack Technology

Summary:
INSPECTION MISSION
-STRESS CORROSION CRACKING - FULL PIPE
-LONG SEAM FATIGUE CRACKING - LONG SEAM
-LACK OF FUSION - LONG SEAM
-HOOK CRACKS - LONG SEAM
-SHRINKAGE CRACKS - LONG SEAM
OPERATING PERFORMANCE
-GAS AND LIQUIDS
-UP TO 1000 PSIG
-UPTOS50°C
-UP TO 4 M/S IN LIQUID
-UP TO 9 M/S IN GAS WITH BYPASS

Rapporteur — Bryn Scott, Enbridge Pipeines Inc. 5



Banff 99 Pipeline Workshop Working Group 6 - ILI

-UP TO 150 KM RANGE IN ONE PASS
INSPECTION PERFORMANCE

-DETECTION OF CRACKS > 50MM

-DETECTION OF CRACKS > 20%

-PIPEBODY OR SEAMWELD

-LENGTH = 10MM

-DEPTH = 25%

-LOCATION ACCURACY AS PER MFL

-DENTS ARE DETECTED
ACHIEVEMENTS

-OPERATIONAL SINCE 1992

-3000 KM OF INSPECTION

-OVER 140 CRACKS & WELD DEFECTS

-418KM SUCCESSFULLY HYDROTESTED

-HYDROTEST WAIVERS FOR TWO USA OPERATORS

-$5.3M GRI, CEPA, Pll DEVELOPMENT
FUTURE DEVELOPMENTS

-INCREASE NUMBER OF TOOL SIZES

-COATING CONDITION

-DISCRIMINATION

-REDUCE OPERATIONAL COSTS

The representatives from the ILI companies will describe recent successes and future
advancements in crack detection tool technologies.

Discussion:

Tool Development Strategies

A question was raised about potential incentives that would be offered by vendor’s if
operator's supported development of ILI crack tools. The vendor's responded that they
would welcome support and entertain profit sharing proposals although the payback
may be over an extended period of time.

Definition of “False Call”

The vendors were asked about their definition of a “faise call”. The operator's as to the
ability to differentiate between inclusions and cracks further clarified the statement.

With respect to the Pipetronix CD tool: inclusions and cracks are confused only on small
scaled defects. Any significant defects would not be confused

Rapporteur — Bryn Scott, Enbridge Pipeines Inc. 6



Banff 99 Pipeline Workshop Working Group 6 - IL1

Elastic Wave Tool Response: Although it is recognized as an issue, it is seen as a
concern for defects that would fail 100 percent SMYS.

The consensus in the workshop was that the issue of false call sets up an unrealistic
expectation of the vendors. The vendors felt that the operator had to better define their
need as to what they require from a crack tool and thereby the operator could set a
better definition for “false call”.

The vendor’s requested that the operator define a range of what they viewed
acceptable. The operator’s felt that the minimum standard from a crack tool was
discrimination of defects that would fail a hydrotest at 100% SMYS. Ideally the higher
standard would result in 100 percent detection, discrimination and sizing of all crack
features greater than 10 percent wall thickness.

Feedback

It was restated that feedback from the operator’s is still required to increase the level of
confidence in the tools by the vendors.

Level of analysis

The onus is on the operators to better define their needs with respect to reportable
crack sizes i.e. Where You Set Your Cut Off Levels. The operators have to be prepared
that with more detailed analysis comes a higher cost for inspection.

Other Technologies

A guestion was asked about how to relate ILI data collected to assist in the assessment
of unpiggable pipelines. Research from other organizations is underway and may assist
in addressing these issues.

Circumferential MFL Inspection Technology

Research issues are still being addressed as to the capabilities and limitations of
circumferential MFL technology. One of the key advantages of this technology is its
ability to be miniaturized.

User's Groups

It was suggested that the ILI Crack Tool vendors develop a “User's Group” with their

historical and current clients. This was suggested to be expanded to incorporate all
technologies.

Rapporteur — Bryn Scott, Enbridge Pipeines Inc. 7



Banff 99 Pipeline Workshop Working Group 6 - ILI1

FORWARD ACTIONS:

» Initiating “User's Groups” to assist in the advancement of all ILI tool
technologies

» Feedback of field data to the ILI Vendors to improve confidence and
proper technology selection.

» Industry standards are required for reporting tool specifications,
accuracy, confidence levels and terminology.

Rapporteur — Bryn Scott, Enbridge Pipeines Inc. 8
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Banff 99
In-line Inspection Session

Latest Developments - Inline Inspection

Latest Developments - Inline Inspection

PIPELINE INSPECT
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| Maintenance/Pre-Inspection Pigging @

Managing Pipeline M - Technologies for the New Millennium /“t .M”
| Geometry Inspection 4
Bend radii, degree
1D changes and direction

Dents in % installations: - valves
of nom. 1D - fees
- flanges
- taps
- welds
Ovality in %
of nom. ID ™\

PURPOSE:
- VERIFY PIPELINE CONSTRUCTION SPECS.

- DETECT ANY HIDBEN THIRD PARTY DAMAGE.
- ENSURE SAFE PASSAGE OF INSPECTION PIGS.

Managing Pipeline Integrity - Technologies for the New Millennium




| Topics o

MAINTENANCE/PRE-INSPECTION PIGGING
GEOMETRY INSPECTION

METAL LOSS INSPECTION

SPEED CONTROL

XYZ MAPPING

REPORTING

Managing Pipeline Integrity - Technologies for the New Millennium \_ WORKSHCP|

| Maintenance/Pre-inspection Pigging ¥

- FULL RANGE OF HIGHLY EFFICIENT
CLEANING PIGS

- HIGH WEAR RESISTANT
POLYURETHANE DISKS PROVIDING
UNSURPASSED PERFORMANCE

- EXCELLENT BATCHING CAPABILITY

- COST EFFECTIVE

- EASY HANDLING

- ALL SIZES CAN BE EQUIPPED WITH PIG
LOCATORS, BRUSHES, MAGNETS, ETC.

- ALL CLEANING PIGS AND ASSECORIES
ARE MANUFACTURED BY ROSEN

Managing Pipeline Integrity - Technologies for the New Millennium




| Geometry Inspection

ELECTRONIC GEOMETRY PIG (6” - 56”)

SYSTEM DESCRIPTION:

- EDDY CURRENT BASED
TECHNOLOGY

«UP TO 32 CHANNELS (SENSORS)

- BEND DETECTION AND
MEASUREMENT
- TEMPERATURE AND PRESSURE
RECORDING
2T BANErIY
Managing Pipeline Integrity - Technologies for the New Millennium |, worssicr

| Metal Loss Inspection

,...ii ¥

CORROSION DETECTION PIG (4” - 56”)

Managing Pipeline Integrity - Technologies for the New Millennium \ . . WORKIHCP




| Metal Loss Inspection o

» SOPHISTICATED ELECTRONICS

SENSOR TYPE AND DESIGN

REFINEMENT OF SIZING ALGORITHMS

NUERAL NETWORKS

Pty TV U )
PPELNE

Managing Pipeline integrity - Technologies for the New Millennium s WORKSHCT)

| Speed Control -

B 4, T B, L

- |

* Recently Tested Successfully.
 First Tool Available in Summer of 1999,
+ Initial Range of Service: 24” - 36”.

£ s
! PPELINE

Managing Pipeline integrity - Technologies for the New Millennium R




| XYZ Mapping (GPS)

» Recently Tested in Client Pipeline.

- Available in 16” and up.

|

=
-
Ty
-4
.
b

Managing Pipeline Integrity - Technologies for the New Millennium ;‘_, e WORRSWCP

| Reporting ®

The Inspection Survey Report
Includes the following: |

- written report detailing all activities, parameters |
and results, i

feature, installation and marker lists,

graphical output,

pipe tally, ;

survey logs, !

client software (Y2K compliant).

[ ] * ]

2T narme
Managing Pipeline Integrity - Technologies for the New Millennium |




| Reporting »

ROSOFT - Client Software Package

- Windows Based (WIN95, 98 and NT4)
- Database Format (*.dbf)
- View and Access all ‘Raw’ Survey Data
- Feature, Installation and Marker Management
- Generate Client Specific Lists {set filters)
- Various Graphical QOutput
{Distributions, Pressure Based)

Managing Pipeline Integrity - Technologies for the New Millenniym

| Reporting ﬁ
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| Reporting

Managing Pipeling Integrity - Technologies for the New Millennium
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| Reporting
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| Reporting ®

SNl ERLg

+ REPORTING FORMAT TAILORED TO THE FIELD APPLICATION.
» DIRECT ACCESS TC DATA DURING FIELD EXCAVATION.

» ON-CALL SUPPORT PROVIDED.

TN AP

Managing Pipeline Integrity - Technologies for the New Millennium

| Questions? i

PROTECTION OF YOUR INVESTMENT PROTECTS THE ENVIRONMENT.

Managing Pipeline integrity - Technologies for the New Millennium




Banff 99 .

In-line Inspection Session
Crack Detection | .
UltraScan CD ‘.‘\
Sensitivity and repeatability of detectidil
Neb Uzelac
Pipetronix
A nansenn
) \H”\\ UltraScan CD
DEPLOYP:{\E\NT‘-O\F;fENSORS

- 480 + 340 crack detection sefisars

+ circurnfarential 3pacing - 10 mm te, cou ple)
- uniform wall coverage
+ mdundant data

© Wl Thickarn [ yssanper
Neemanremen: D=1 mm
B Ll ama

"5

—— Crack Dt

* redundancy
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Wednesday 3:30 Waorking Group 6F: In-Line Inspection

53.

54.

55.

82

63.

64,

66.

67.

£9.

70

71.

77

73

74,

-

~d
(¥

]
[

78.

Company Name Paosition Phone Nao.
Suncor Energy Bob Enjeneski
. — 2371-t953
Talisman Energy Bob Shapka Cowg S g ety G0 G|
d

TransCanada Midstream

Cyril Karvonen

TransCanada PipeLines _ Blaine Ashworth L
N . , (A 2% -603F
TransCanada PipeLines Reena Sahney d /Zw Fe ¥
Trans Mountain Pipe Line
Co. Ltd. Rob Hadden

Trans Mountain Pipe Line

Co. Ltd.

Dave Harper

Transportation Safety
Board

Lawrence H. Gales

Tuboscope Vetco
Pipeline Services

" \Jim M. Cone

uw_

Tuboscope Vetco

QJ{ Stefan Papenfuss bﬁc‘.c;ba Sales g WLM

ga\es (DQIQ AQL{

Pipeline Services T3 - 799- 5433
UCISCO Canada Inc. Jim Foley
UCISCO Canada Inc. Dougas Gall

UCISCO Canada Inc.

Chris Mitskopoulos

Welland Pipe Bob Lessard

Westcoast Energy Mike Bell Ve Lepder Pl O IS b0Y- 565 - £S5
Westcoast Energy Inc. Colin Gagne

Westcoast Energy Bill Huska

Woestcoast Energy Inc. Ed McClarty

Westcoast Energy Don Sinclair

Waestern Facilities

Management Ltd. Ron Cooper

Williamson Industries Inc.

William Jarvis
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Wednesday 3:30 Warking Group 6F: In-Line Inspection

79.

80.

8i.

82.

83.

84,

85.

86,

87.

88.

89,

90.

9i.

92.

93.

94,

95.

G7.

S&.

99.

Company Name Position Phone No.
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Wednesday 3:30 Waorking Group 6F: In-Line Inspection

25.

26,

Company Name Position Phone No.
AEC Pipelines Wendy Stewart
AEUB Bernie Frost

M .
AEUB Dave GB% 297 /ﬁ’fﬁ
Alaska North Slope LNG
Project Terry Klatt

Alliance Pipeline Ltd.

Lorne Carlson

Alliance Pipeline Ltd.

Thea Van Hardeveld

J. Bruce Nestleroth (?\{\

Qomard. Sciotssh

Battelle (o]4- 424318
BC Gas Fred Baines
BC Gas Utility Ltd. Chris Billinton

BC Gas Utility

Ferenc Pataki

Biztek Consulting, Inc.

Raymond R. Fessler

BJ Pipeline Inspection
Services

Dave Hektner

BJ Pipeline Inspection
Services

Jeff Sutherland

Canadian 88 Energy

Corp. Brandt Sanregret
CANMET Materials
Technology Laboratory Winston Revie

Canspec Group Inc.

Steve Cooper

CC Technologies

Carl E. Jaske

Colt Engineering Corp

Darius M. Boucher

Corrpro Canada, Inc.

Garry Sommer

Corrpro Canada, Inc.

Denis Trudeau

Raobert J. Eiber
Consultant

Bob Eiber

Enbridge Pipelines Inc.

Roger Argument

Enbridge Consumers Gas

Anton Kagicnik

Foothills Pipelines Lid.

Kyle Keith

Gecko Management

Terry Gibson

Greenpipe Industries Ltd.

Jim Zakowski \/{\

t t e n
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Wednesday 3:30 Working Group 6F: In-Line Inspection

Company Name Position Phone No.
27. _Gulf Midstream Services  Rod Trefanenko [ - ‘
Hunter McDonnell / b . . =
28. _Pipeline Services Inc. Shamus McDonnellJ MO : ( 7<-DO\ 944- 063%
A 4

29.  _Husky Qil Pipeline

Jeremy Nielsen

3C. _Imperial Qil Resources

Darryl Shylan

3i.  IPSCO Inc. Richard Kruger
MC Integrity Management
' 32, Lid Marc Spencer
. ,awmmglmegmy ' Audrey Van Aelst Jn/mnedra{— Tnkg ﬁ*i'(:.grnmf&. “Ho3-Z58H
A“‘C ﬁglntegrlty W Slanley Wong Sfﬂw T e *'f’:; ! .-* v Emj ?v j b)-' =29 Y"‘éCYb

35.  Morrison Scientific Inc. Guy Desjardins f
36. National Energy Board John Hendershot
37. _Nationai Energy Board Marie-Chantal Labrie
38. _National Energy Board Paul Trudel
35. Morrison Scientific Inc. Tom Morrison ¢ 128 gﬁ,f.w Pc:,\"‘t@,\, ey —262-%8 1ht
40. _ National Energy Board Brian Nesbitt

NB Dept. of Natural
41, _Resources & Energy

Donald R. Persaud

Pembina Pipeline
42. _Corporation

Dave P. Kwas

43. Pengrowth Len Danyiuk

44, Petro Line Robert Smyth
Pipeline Integrity

45. International Keith Grimes
Pipeline Integrity

46. _International Martin Phillips

Pipeline integrity
47.  International

N. Daryl Ronsky

Pipeline Integrity
48,  |nternational

Patrick H. Vieth

43. _Pipeline Remediation inc.

Kevin Thiessen

5C. Pipetronix GmbH

ol

Herbert Willems

51. _SNAM S.p.A.

\(\Pm 3§ ¢z Sw@#5I32

Valentino Pistone

Suncor Energy Inc.
52. (Pipelines)

Dexter Dakin
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Wednesday 3:30 Working Group 6F: In-Line Inspection

60.
&t
62.

83.

65.
£6.
67.
&8.
69.

70.

72.
73
74.

75,

4
o

Company Name Position Phone No.
Suncor Energy Bob Enjeneski

Talisman Energy Bob Shapka

TransCanada Midstream  Cyril Karvonen

TransCanada PipeLines  Blaine Ashworth j?) oc¢ mw 290 739 4

7

TransCanada PipeLines  Reena Sahney

Trans Mountain Pipe Line

Co. Ltd. Rob Hadden

Trans Mountain Pipe Line

Co. Lid. Dave Harper

Transportation Safety

Board Lawrence H. Gales

Tuboscope Vetco

Pipeline Services Jim M. Cone

Tuboscope Vetco

Pipeline Services Stefan Papenfuss

UCISCO Canada Inc. Jim Foley

UCISCO Canada Inc. Douglas Gall

UCISCO Canada Inc. Chris Mitskopoulos

Welland Pipe Bob Lessard

Westcoast Energy Mike Bell

Westcoast Energy Inc. Colin Gagne

Westcoast Energy Bill Huska

Westcoast Energy inc. Ed McClarty

Westcoast Energy Don Sinclair

Western Facilities

Management Lid. Ron Cooper

Williamson Industries Inc.  William Jarvis
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Wednesday 3:30 Working Group 6F: In-Line Inspection

Company Name Position Phone No.
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Wednesday 3:30 Working Group 6F: In-Line Inspection

23,

24,

25,

26.

Company Name Position Phone No.
AEC Pipelines wart

AEUB Bernie Frost

AEUB Dave Grzyb

Alaska North Stope LNG
Project

Terry Klatt /W > yZM 07).208 “?

Alliance Pipeline Ltd.

Lorme Carlson

Alliance Pipeline Ltd.

Thea Van Hardeveid

Battelle J. Bruce Nestleroth
BC Gas Fred Baines
BC Gas Utility Lid. Chris Billinton

BC Gas Utility

Ferenc Pataki

Biztek Consulting, Inc.

BJ Pipeline Inspection
Services

Raymond R. Fessler L

Dave Hektner Fo3/S3/-7S30.

BJ Pipeline inspection
Services

$3)-5335

Jeff Sutherland

Canadian 88 Energy
Corp.

Brandt Sanregreﬁ/

CANMET Materials
Technology Lahoratory

Winston Revie

Canspec Group Inc.

Steve Cooper

CC Technologies

Carl E. Jaske

Colt Engineering Corp

Darius M. Boucher

Corrpro Canada, Inc.

Garry Sommer

Corrpro Canada, Inc.

Denis Trudeau

Robert J. Eiber
Consultant

Bob Eiber

Enbridge Pipelines Inc.

Roger Argument

Enbridge Consumers Gas

Anton Kacicnik

Foothills Pipelines Ltd. Kyle Keith P}fpef (AP i atts (03 29Y Yyye
/

Gecko Management Terry Gibson

Greenpipe Industries Ltd.  Jim Zakowski




Wednesday 3:30 Working Group 6F: In-Line Inspection

27,

8.

23,

30,

3i.

32

33.

34,

35,

36.

37.

38.

39,

40.

41.

4%

43.

44,

45,

46.

47.

48.

49,

50.

52.

Company Name Position Phone No.
Gulf Midstream Services  Rod Trefanenko
Hunter McDonnell

Pipeline Services inc. Shamus McDonnell
Husky Qil Pipeline Jeremy Nielsen
Imperial Qil Resources Darryl Shylan
IPSCO Inc. Richard Kruger

MC Integrity Management

Lid. Marc Spencer

MC Integrity Management

Ltd. Audrey Van Aelst
MC Integrity Management

Ltd. Stanley Wong
Morrison Scientific Inc. Guy Desjardins
National Energy Board John Hendershot
National Energy Board Marie-Chantal Labrie
National Energy Board Paul Trudel

Morrison Scientific Inc. Tom Morrison
National Energy Board Brian Nesbitt

NB Dept. of Natural

Resources & Energy Donaid R. Persaud
Pembina Pipeline

Corporation Dave P. Kwas
Pengrowth Len Danyluk

Petro Line Robert Smyth
Pipeline Integrity

International Keith Grimes
Pipeline Integrity

international Martin Phillips
Pipeline Integrity

International N. Daryl Ronsky (EITAL HM&Z g4op 262 -?44?
Pipeline Integrity , '
international Patrick H. Vieth

Pipeline Remediation Inc.

Kevin Thiessen

Pipetronix GmbH

Herbert Willems

SNAM S.p.A. Valentino Pistone
Suncor Energy Inc.
(Pipelines) Dexter Dakin




Cormmonoy Mone L1070 Prtoroe My,

55, TransGas Limited Jules Chorney
‘ : Trans Mountain Pipe Line

L 6. Co. Lid. Dave Harper

T Tuboscope Vetco _
Pipeline Services Jim M. Cone M Can Sales. C%\b@j{j LSROT
Tuboscope Vetco ~ \
Pipeline Services Stefan Papenfuss DR(eqoL Sales < N*q ] Elfa) 794-5433

- L]

UCISCO Canada Inc. Jim Foley
UCISCQ Canada Inc. Douglas Gall
UCISCO Canada Inc. Chris Mitskopoulos
Welland Pipe Bob Lessard
Westcoast Ener Mike Beli
Westcoast Energy Inc. Colin Gagne
Westcoast Energy Bill Huska
Waestcoast Energy Inc. Ed McClarty

Williamson industries Inc. Al Forster

Williamson Industries inc.  Willlam Jarvis
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Time Wednesday 1:15 Working Group 6E: In-Line Inspection

20.

21,

22.

23,

24.

25,

26.

Company Name Position Phone No.

AEC Pipelines Phil Michailides Pl e ity GeaP /B )w—
AEUB Bernie Frost

AEUB Dave &L’ Ll OFs Gt Lok 2% 7-353%
Alaska North Slope LNG

Project Terry Klatt

Alliance Pipeline Ltd. Lorne Carlson

Ailiance Pipeline Ltd. Thea Van Hardeveld

Battelle J. Bruce Nestleroth % M gC{,f,M (ofct 424 &3\
BC Gas Glen Scott

BC Gas Utility Barry Anderson (3
BC Gas Utility Ferenc Pataki

Biztek Consulting, Inc.
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Banff99 Pipeline Workshop Working Group 7

Working Group7 External Corrosion

Co-Chair: Susan Miller (Enbridge Pipelines)
Co Chair: Robert Worthingham (TransCanada Pipelines Lid.)

Banft 1997 External Corrosion Summary

This working group focused on monitoring, assessing and predicting external corrosion. The
participants agreed on the great value of determining corrosion rates, specifically the growth
rates of pits and any correlation with environments and operating conditions. It would be helpful
to agree on a methodology and on common data to be collected, for comparison purposes, and to
include the data in a database, such as the CEPA database. Updates on activities to evaluate
corrosion rates and state-of-the-art developments should be included in future Workshops.

Producers Group to develop an internal corrosion model based on failure mechanisms. The
model must be cost-effective for upstream pipelines, be reasonably accurate, properly assess
three phase flow, be user friendly, be readily accessible by field operators, and should have an
output that can be used with a risk matrix.

There is a need for improved inhibitor batch pig technology. In addition, any changes in an
inhibited system must be monitored so that, for example, there is a record of when the becomes
water-wet.

Presentation

Working Group 7C - Remaining Strength Assessment

Objectives

1. Determine if more comprehensive language should be included in CSA

2. Review criteria for use of RSTRENG

3. Determine if more training is required in industry on conducting assessments

CSA - Jake Abes (Pipeline Safety Inc.)
Summary: artached

Questions and Discussion

1. Carl Jaske (CC Technologies) - better to have regulations more general than too
specific so future development can be implemented

2. Jake Abes (Pipeline Safety Inc.) - people are using programs, such as RSTRENG,
with little or no experience

3. Mike Reed (Trans Mountain Pipeline Company) — Is this going to become a design
standard as oppose to a guideline?

4. Jake Abes (Pipeline Safety Inc.) - we have a responsibility as an industry to set the
minimum standard but ultimately it will a responsibility of the design engineer

Rapporteur — C. Lukaniuk, TransCanada PipeLines 1
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5. Marc Spencer (M&C Integrity) - Commentaries may apply to these clauses to give
more depth to the clauses. The specifics would be better as commentaries as oppose
to embedding them into the code.

6. Jake Abes (Pipeline Safety Inc.) - CSA is inconsistent between being prescriptive and
flexible

7. Bob Eiber (Consultant) — If you become too prescriptive, the document becomes
difficult to maintain. Do not rule out future development by making the code too
prescriptive. Specifics may be address through CSA training programs.

8. Don Marr (Corrpro Canada Inc.) — Have there been a number of cases of failures due
to inadequate training? The professional engineering practices need to play a role.

9. Jake Abes (Pipeline Safety Inc.) - Need to decide if we want to stay with B31G or
modified B31G

10. Susan Miller (Enbridge Pipelines Inc.) — Who is using B31G? ~17 Who is using
modified B31G? ~ 30 Other? ~6

11. Aaron Dinovitzer (Fleet Technology Ltd.) — uses in-house document

12. Marc Spencer (M&C Integrity) ~ uses plastic collapse

13. Bin Fu (BG Technology) — uses a British standard that is currently being used
throughout the UK

14. Bob Worthingham (TransCanada Pipelines) - uses RSTRENG and B31G. How
many are using RSTRENG? ~34

15. Barry Martens (Rainbow Pipelines) ~ What do people use for acceptable burst
pressure? RSTENG does not include a safety factor.

16. Pat Vieth (Pipeline Integrity International) - there is no safety tolerance in the code.
Currently, CSA allows the company to do an engineering assessment which this
could be a part of. B31G and RSTRENG are explicit in using a safety factor.

17. Susan Miller (Enbridge Pipelines Inc.) — Nothing in CSA mandates a factor for safety
for acceptable burst pressure.

18. Pat Vieth (Pipeline Integrity International) - safety factor needs to be addressed in an
assessment. If your design factor is 0.72, that implicitly means that you should
maintain this factor for the life of the pipeline.

19. Tom Morrison (Morrison Scientific) — There are errors in everything. Include and
consider error levels in engineering assessments of defects. This may include field
measurements, ILI measurements and RSTRENG.

20. Arti Bhatia (Enbridge Pipelines Inc.) - this would also apply to field measurement —
use best tools to obtain the most accurate measurements.

21. Aaron Dinovitzer (Fleet Technology Ltd.) — From the history of the line, need to
know how much you may fluctuate from the MOP.

Rapporteur — C. Lukaniuk, TransCanada PipeLines 2
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R-Streng - Pat Vieth (Pipeline Integrity International)
Summary: attached

Questions and Discussion

1.

2.

3.

“ob

o

10.
11.

12.

13.
14.

15.
16.

17.

18.

19.
20.

Rapporteur -

Susan Milier (Enbridge Pipelines Inc.) — Who has training in RSTRENG? ~5 If
there was a 1-day course, how many would be interested in attending? ~80%

Keith Grimes (Pipeline Integrity International) - There should be some kind of
research or consensus on interaction of corrosion. What to use for interaction rules?
Pat Vieth (Pipeline Integrity International) - interaction is defined as how far apart
(axially or radial) do areas of corrosion have to be before they are considered separate
defects? There are different rules of thumb.

Bob Worthingham (TransCanada Pipelines) — Need to understand the limits

Carl Jaske (CC Technologies) — used the average — RSTENG or effective area
method for interaction cerrosion is a useful tool but should be validated

Application of RSTENG and B31G can also apply to cracks

Jake Abes (Pipeline Safety Inc.) — Is training necessary? What sort of problems come
out of the tratning sessions?

Pat Vieth (Pipeline Integrity International) — A good example of this is burst pressure
vs. MOP. If you have some understanding then the results have more meaning.
Corrosion data must be used in conjunction with statistical frequency analysis
methods.

More data is required to apply RSTRENG to high strength steel (above X65)

Bin Fu (BG Technology) — B31G is conservative around flow stress and shape. From
experience, finds many people ignore the flow stress.

Pat Vieth (Pipeline Integrity International) — compared to flow stress and geometry,
the Folias factor plays a big role in causing a problem for pipeline operators

B31G was based on 37 data points; RSTRENG based on a lot more

Marc Spencer (M&C Integrity) — The design factor applies to infinite length of
pipeline but if you apply this factor to a single joint, the result is very conservative.
Does not think it is a safe assumption to apply a single design factor. Other items
need to be taken into consideration

Pat Vieth (Pipeline Integrity International) — by applying statistics, you can overcome
Bruce Lawson (Westcoast Energy Inc.) — there are many points outside the band —
how come?

Pat Vieth (Pipeline Integrity International) — many points go back to the 1960s that
add to the variability to the data. Instead of using flow stress, Pat will use the UTS.
By applying a safety factor, will eliminate the effects of scattered data.

Bruce Lawson (Westcoast Energy Inc.) — Do you feel the ILI data is accurate in
determining accurate features?

Pat Vieth (Pipeline Integrity International) — Validate the data by doing excavations
John Beavers (CC Technologies) — What are the effects of end caps on the burst
pressure?

C. Lukaniuk, TransCanada PipeLines 3
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21.

22.

23.
24.

25.

Pat Vieth (Pipeline Integrity International) — very little end effects (~10%) due to the
loading

Failure criteria, based on predicted failure stress, is less than SYMS. Predicted failure
stress from RSTRENG is greater than SMYS.

Barry Martens (Rainbow Pipelines) — Can the defect be ground out?

Pat Vieth (Pipeline Integrity International) — yes, but then you have a blunt notch
defect - B31G would then apply

Jake Abes (Pipeline Safety Inc.) - CSA has special provisions for determining how to
assess a ground out area.

Conclusions and Recommendations for 7C

There are different methodologies being developed.

There are errors in measurement no matier how careful the measurement is taken. The goal
is to reduce the error as much as possible.

Allow latitude to take advantage of new findings.

Engineering critical assessment training should be made available.

L.
2.

3.
4.

Warking Group 7D - Corrosion Growth Estimation

Objectives
L.

Explore advances indirect and direct monitoring methods

2. Use of represented ILI data

3. Use of soil coupons

4. Identify other methods used and their success in application to pipeline integrity programs

Modelling Corrosion Growth - Guy Desjardins (Morrison Scientific)
Summary: atrached

Questions and Discussion

L.
2.

3.

Bob Eiber (Consuitant) — How variable is the corrosion rate along the pipeline from
year to year?

Guy Desjardins (Morrison Scientific) — Tends to vary when something changes such
as, no CP or with seasons.

Bob Eiber (Consultant) - Have you been able to tie the corrosion rate to the inspection
method? Will you get various corrosion rates from two vendors or will the rate be the
same?

Guy Desjardins (Morrison Scientific) ~ It may vary a bit especially in length due to
the different tools. This averages out over time.

Bob Worthingham (TransCanada Pipelines) - double logarithmic graph vs. mm/yr.
(depth) Gumble graphs like this are used to predict the inspection frequency and
shows distribution of corrosion rates. Rates vary from zero to 0.85 mm/ yr.

Carl Jaske (CC Technologies) - Does the step reflect a +/- 1 variability in the
distribution?

Rapporteur — C. Lukaniuk, TransCanada PipeLines 4
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10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25

Rapporteur

Bob Worthingham (TransCanada Pipelines) — This may be an artefact First
inspection data points are grown to predict future inspections

Bob Worthingham (TransCanada Pipelines) — currently were are working on asphalt
lines but plan to expand

Scott Oliphant (Chevron Canada Resources) — What success have people had with
inspection of coatings other than ILI?

Susan Miller (Enbridge Pipelines Inc.) — ILI can be a limitation, if for example,
pigging of tape coated lines is not feasible. For some lines have found a correlation
to drainage points. Where there was a drainage point the severity and frequency of
corrosion was higher.

. Jane Dawson (Pipeline Integrity International) — in addition to the inspections, one
needs to continue to complete CP surveys, coating surveys, etc.

Bob Worthingham (TransCanada Pipelines) — agrees; however, this assists with
finding the problems and assist with the priority

Tom Cook (The Cook Group) - What is the confidence level?

Tom Morrison (Morrison Scientific) — upper limits 50% of the wall, 80% of the time
— more seriously, have examined the errors on the ILI tools. The confidence limit on
the prediction is slightly higher than the tool.

Bob Worthingham (TransCanada Pipelines) — takes into account the variability of the
tool to aid in a better confidence of the prediction

Guy Desjardins (Morrison Scientific) — accuracy of the data plays a large part in the
accuracy of the prediction

George Cherrington (Pembina Pipeline) — the internal corrosion needs to be
considered

Bob Worthingham (TransCanada Pipelines) — internal corrosion is not of concern
with the sweet gas lines

Don Marr (Corrpro Canada Inc.) — has had success in finding corrosion with over the
line surveys. If you are confident why complete future ILI; why not complete
periodic digs?

Bob Worthingham (TransCanada Pipelines) — new features could show up - the
frequency of ILI has been reduced

John Beavers (CC Technologies) — Could you identify if the rates were as high as the
graph showed? Do you have models that show high rates on other parts of the
system?

Bob Worthingham (TransCanada Pipelines) — we are working on this. Field
observations have confirmed these rates.

Arti Bhatia (Enbridge Pipelines Inc.) — there is some cross correlation with
geographical data. Also the data from ILI may transfer to other lines if the
geographic characteristics are similar.

Bob Simmons (RTD Quality Services Inc.) — Is the excavation data consistent? Or
does it vary from company to company? 17 grid vs. ¥2 ™ grid?

. Growth rate is not a single number but a reflection of a probability.

- C. Lukaniuk, TransCanada PipeLines 5
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Use of CP Coupons - Greg VanBoven (NOVA Research and Technology Corporation)
Summary: artached

Questions and Discussion

1.

2.

3.

10.

11

12

13.
14.

Grant Firth (Corrpro Canada Inc.) - In October there was a step-up with some probes
and a step-down with other probes. What was the cause?

Greg VanBoven (NOVA Research and Technology Corporation) — not sure but will
assume there was an interference problem

Bob Worthingham (TransCanada Pipelines) - there are about 100 coupons throughout
the system.

Bob Worthingham (TransCanada Pipelines) ~ some correlation work in progress to
understand various soil parameters. This will help understand the risk to the pipeline.
Carl Jaske (CC Technologies) - is the coupon maintained at the same temperature as
the pipe?

Greg VanBoven (NOVA Research and Technology Corporation) — temperatures are
similar therefore both the pipe and the coupon will need to be measured

Barry Martens (Rainbow Pipelines) — found quite a few problems with the MFL tool
s0 Rainbow is now using the UT tool

Susan Miller (Enbridge Pipelines Inc.) — similar experience to Rainbow. With tape
lines, tenting occurs around the weld yielding narrow axial external corrosion
(NAEC). Other techniques may also include circumferencial examination. With any
method, you need to take into account the errors.

John Baron (Shell Canada Limited) — Shell runs ILI tools to look for anomalies.
They have tried to correlate soil data to external corrosion. They have seen rates as
high as 1.5 mm/yr. - this lead to a failure. Are you looking for anything else such as
pH in soil analysis?

Tom Jack (NOVA Research and Technology Corporation) - NRTC is researching
redox potentials, at depth soil parameters, deposition of the soil, surface parameters
and soil texture.

Marc Spencer (M&C Integrity) — Why do these parameters trigger some locations but
not others?

- Bruce Lawson (Westcoast Energy Inc.) — the CEPA database has space for additional

information. Has anyone considered building a database for external corrosion.

A working database should be considered for the next workshop.

Bob Worthingham (TransCanada Pipelines) ~ Review of objectives: Continuing to
use ILI data; coupons are used to obtain estimations on the pipe; other method are
being used

Conclusions and Recommendations 7D

1. The industry should develop a standard approach to measuring corrosion in the field

2. Identify guidance for soil analysis.

3. A shared database of soil conditions and corrosion rates should be devleoped, perhaps CEPA.

Rapporteur —

C. Lukaniuk, TransCanada PipeLines 6
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Working Group 7c : External Corros}

Managing Pipeline Integrity:
Technologies for the New Millenium

Remaining Strength Assessments

Working Group 7¢: External Corrosion Working Group 7c: External Corrosion
Remaining Strengthﬁ‘(\ssessments Remaining Strength Assessments

OBJECTIVES
1) Determine if more comprehen
language should be included in C

2) Review the criteria for use of
RSTRENG

3) Determine it more training is required
in industry on conducting assessments

SPEAKERS

Jake Abes - CSA

Pat Vieth - RSTRENG

" CSA Z662-99 " CSA Z662-99
Oil and Gas Pipeline Systems Qil and Gas Pipeline Systems

CLAUSE 10.8.2.25

Corroded areas that exceed the depth
limits specified in Clauses 10.8.2.2.3 and 1}
shall be considered io be defects, unless de
by an engineering assessment to be acceptabf
engineering assessment shall include conside
of service history and leading, anticipated servig
conditions, the mechanism of imperfection
formation, imperfection dimension, faiiure mod
and material properties (inciuding fracture
toughness properties).

CLAUSE 10.8.1.6

Where piping is not suitable for continied
service at the established operating p
due to the presence of defects, either the:
piping shall be operated at pressures that’
determined by engineering assessment to be
acceptable, or the affected piping shali be
repaired in accordance with the applicable
requirements of Clauses 10.8.2 to 10.8.6
inclusive.

P.Veith, Pipeline Integirity International Inc. 1
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'RSTRENG

« Remaining Strength of Corroded Pipe
« Tool for predicting the remairing
strength of corroded pipe
* PRC International sponsored res
(1989)
- addressed inherent conservatism in B3
- developed analysis methods
- validated against database of corroged
pipe
- continued validation against expanded
database

RSTRENG

RSTRENG Effective Area
lterative Calculation

RSTRENG

» RSTRENG provides accurate
assessment and analysis of the
corrosion

o Addresses difficult in the definitio
length via the iterative caiculation

» Software provides the means for
conducting the calcutation

o Training and understanding of corrosion

measurement and assessment is
encouraged

P.Veith, Pipeline Integirity International Inc.
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Working Group 7

Managing Pipeline Integrity:
Technologies for the New
Millenium

Robert Worthingham
TransCanada PipeLines
Calgary, AB
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Working Group 7: External Corrosion
Corrosion Growth Estimation

OBJECTIVES

1)  Explore advances in direct and indirect
monitoring methods

2)  Use of repeated ILI Data
3) Wse of soil coupons

4)  Identify other methods used and their success
in application to pipeline integrity programs

Corrosion Rate and Severity
Prediction from Multiple ILI Runs

R. Worthingham
TransCanada Pipe Lines

T. Morrison and G. Desjardins
Morrison Seientific

=TTy BAFEA

C 7T
LR e

RV gt

The Problem ...
When do we inspect next?

f How do we optimize the reinspection
frequency?

I When will the remaining flaws have
deteriorated sufficiently to be in danger of
rupture?

I How do we spend the ILI resources wisely
to inspect as many lines as possible, and
then only when needed?

The Dream ...

1 High resolution ILI data could be used to
identify where corrosion pits were growing
and how fast they were growing!

R Allow for just i time inspection and repair

B Allow for coating repair of sites that are

growing before they need reinforcement or
removal

Site Specific Approach

8 Match /individual corrosion pits
reliably by correcting for ILI tool
variability with PHOENIX

I Determine indlividual corrosion pitting

rates and project the expected size of
each pit into the future

R. Worthingham, TCPL and G. Desjardins, Morrison Scientific
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PHOENIX

B Monte Carlo analysis of each feature
used to determine probability of
failure in a given year. Takes into

account tool repeatability and a ST MR uEmonm mm o R e fo nem nm s e
variability. g W

Matches from Phoenix

R Critical sub-feature analysis used on
all ILI data collected since 1994
(Rstreng, Lapa)

1 Validate ILI vendor analysis

’E ., Increasing Depth with Time
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R. Worthingham, TCPL and G. Desjardins, Morrison Scientific 2
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Growth in Penetration
Through Wall—Example 2

AERTINLIN]

Critical Feature Sizes

i if

Growth in FPR (Failure
Pressure Ratio)—Example 1

AR

Growth in FPR (Failure
Pressure Ratio)—Example 2

= l
5 |

==

Frequency of Failure
Dates

Where is Corrosion Occurring?

# By viewing the growth data in a GIS, it is
possible to help answer WHY? and
WHERE?

I Correlations with environmental,
geographic and construction related factors
can be made.

1 Where will the first failures occur?

B Where are the fast growing pits?

R. Worthingham, TCPL and G. Desjardins, Morrison Scientific
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Why is Corrosion Here? Why is Corrosion Here?

Why is Corrosion Here?

R. Worthingham, TCPL and G. Desjardins, Morrison Scientific 4
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Working Group 7

Corrosion Modeling with
Coupons

1999 Banff Pipeline Workshop
Working Group 7D

G. Van Boven
NOVA Ressarch & Technology Corp.

OBJECTIVE

To understand the corrosion state of a
40 year old asphalt coated pipeline in
seasonally dry soils where an
apparent seasonal lack of protective
CP as measured against
conventional guidelines is observed.

Close Interval Survey
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How Can the CP Issues of This
Line Be Dealt With?

+ Add anode beds to increase ling polarization

*+ Perform close interval surveys only in the
winter or early spring

+ Initiate a research program aimed at
understanding and demonstraling pipe
protection.

Research!

A seasonal study using buried
coupons, environmental probes and
electrochemical corrosion rate
measurements aimed at :
Understanding the Reiation of CP 1o Environmental
Changes
Evaluating the Impact of the Environment on Corrosion
Demonstrating Pipeline Protection with Altemate CP
Criteria

Seasonal “On” Potentials
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G. VanBoven, NOVA Research & Technology
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NACE 100 mV of Polarization

Working Group 7
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Two Mechanisms

11 MOISTURE DEPENDENCE: Unprotected
coupon corrasion rates less than 0.05 mm/
year

= Soil resistance is greater than 10 Kobm.cm

» Native coupon potentials are more positive
than -500 mV .

« Oxidation - reduction potentials more positive
than -250mV){Au Vs CSE)

G. VanBoven, NOVA Research & Technology

2] O, Dependence

+ Soil moisture is not limiting corresion &
O, dependant corrosion may be present.

» These areas can be a concern if
inadequate CP and/or defective coating is
present.
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Finally

* General CF guidelines are often difficult
too meet and in some cases may be
misleading as to the degree of polarization
on the pipe.

» Adequate polarization may have to be
demonstrated with alternate criteria.

G. VanBoven, NOVA Research & Technology






N6 T

7’ n:SESS/OA/ .

EXW‘:Z{/V@ Gk oSron)

OD/S/-

Beb Vilos . FII___
(e e:zcuﬁs & ?[ (. .
Mo MothTee o2 o jdﬁmn)&wﬁ 3 T2 NATT "““‘L*-I/

DEL:r‘ ON_ _GRAY

AT co PIPELINE S

4 %u‘? F—eoa .

G‘J’%a@u C‘_—-;-(-A-.)A—-;QA I-q)r_

< Gy

énf(, /%H

‘(/ ////m uﬁﬂ

e Guwada, L
?%@M

__M«Z&mz:v/—éesét«)____.

Aaron Dinoy tzer

(,_h %_..Eﬂfe -is€S
Fleef Tepkz‘:loqu L,

BRI koW Uk

(—DQO(&: QkCa\_Q

o icfmm L Q@’w@q
T2 DavosOm - _PTT I U S
Arvia o ki o e Ernlbrd —
K4 Nkara Popaveasdn G MET
LM"/jA' - RAY _Alrsert A Kefe—AﬂC&/ fduﬂ&&
~o8 ‘%M TRavs it JTAE
B Flenes Rewp T RanS P Tocnrmre Tope Lo
- Gt &0t Sty e e B ma S
FERENC  PATAK) CBC GAS UTILTY o
b iger TPSCO  Toe . ]
/\/A‘FW( ‘owuw‘f L sCD el
7;0&04— S Pr\ ,,,,, B ,/h‘.mm_lj YA ﬂnaﬁﬁmsz mL Smo\,ce
ClivE WALSY - o 5@ RE %‘1140/;7 : .
fm 5%93'/55 pm active ﬁ@é/mé//ﬁ J‘/;//
- Qm__lcjiflﬂ//fé Ten e o KB AR [ AR "
M’:ﬂa&m e T Loi= =
_MLmﬁamig@__;_w . fEc PiieLies Lk
ﬁ@éu Mhcwaiupes _QQCWPJP@’\E’S

g, =) 2l B o T

e e o e e n TR



A)Owwb

 MEBAuren)  DeEmo

mEeT | Deatn

marp Y2 S_\CJP'\%f pC- I_":LC

éb\ >€Smrc/m5
A&w pEvce GCares

TQAAMOU/) AT SAEE L@é&_

&y’.;( K 1CrA&

HoSKY 0/4. aﬁéﬁﬂfim% Lirt i TELD

beecs cu.__opw Lt TEO

R \z‘u\ Shean NV
Ror (WS ciuge T

Sl BASADPA AprniTe?

BT

Bruce Nestleroth,

’1% o ‘eju/& ‘?f‘*j;

ch'T’TE Ll A

/i?[/lﬂ-nc-c fm.l./[w-h : ‘."._'

Z—“”‘Vl-?_ - Cﬁ/"lfoﬂ

656/9& _Sobter /cm,ﬂ S

Vo @uu ell.

EX 4, M&_:Q_ymz’? e Serdes.
Amoce C',,.:na‘_:i_;‘____g dee jeom

70\['(‘@/)}4/ o/ ( *

Hzeereen  Conseerras brn

reve CecoPek

CANEPFEC. GRouP Ire. .

Papnd -_"__ o
[revsy oS i

MTL/ cANMET

'6\1LT SOy .
e Ton £ g-f

Cimasron ,QEL‘)C%MH_L”}c{

.A\M SMA LR

WAR  ASSOC\ATES.

SO\«\V\ Reayers.

C ¢, Tochuolo AN E2Z N

Ovk Resesrzl B

Frase— %”j
JM{ Zakoobsk"

(ﬂ(emgxwlk&%ﬂﬁg___

jMﬂfQuM_ Qu P&muﬁc&s e

_DAEEyL. SHYAD

AR N WV _XMZ.\:b

\é;\ AR AAASR TS A b’( Bes.

Bob_g,\mmo_hl_%_____..__

Q\l D leﬁ-\\\\& Seaices -

GM%_E;@JA!\- Co... B

CANVEY

MNova Chenaicals

(\GI\U\SG\ -

M;’ff 2GS T ,,5&%}?‘(7&‘ I

W stogsi_-__z—_nergy e




- | a&’w DesSion .

e C S< 72%/1/4[ Gl oS/em 5
News Af—;é/c,wm

aanllt

Patiick _lherr c14/752 - o5 Pfezwg Lo Zur.

’//;'m W?or"/‘i(% (Ho3) 262-F 140 VWA oo iﬁ,&m_,_ic_Lwl:\,g\,C-. —
_,_KAW Er.ﬂﬁ‘%’f— 674/76/'/07 /4 CC 7ecpupologres N
kom Wu M Coass?
/é'-_'D F/AH'Qt 7&0 949 © 2431 CAnsrec. L
 ScotT OupanT 403 foz723d-049  (HeEvlo)
 Guewn Shen_ &3 /5~ 7 M7 L T -
CSu xu By 9951960 I ) CRNMET _
gﬁt’i’- liad gﬂ‘w 03 J0 opol Lol Lo I ’ e

___HWemnq Cl;em. 789 492 7796 Upiversif oi plhefz,
. lfcc% : soc sy a1y’ T

Peer e ~JoHmao ( 405)333 3217 /; (AL F f«m‘m /?Esoe.cﬂas_f Cry,
Dow) mare  (180)aq7-4565  corpeae Crmipn
DABYL FoHsSky 403 262 74473 21l CAHAOA
s IDNowe),  (760944-0529  Huwrree BDennar Degis Saey._
ke bbb (7800497~ 1480 Heamtlr /15 Domnsll F;;ap/;.,e Serv.
Pr Rk 91- 1 EL5ROE 10C L, Jn fo
LlAL L A.]‘H.T)Ec;afe ' @@abae fSﬁsé\
MARS _ Seencer (403 ) -813-poyp H 4 C Turesery Ef-}g
PETER. Magrecik . (402 2eo-3395 RAINBOW PIPE LinG CONBAMT LT,
G‘u./y Herview C;Q‘OJ 420-s54 23 At P gl nes
o BaTFy +44-1504-28 3233 B Teolmolsoul (Tngland)
"'/a_m TACK #0232 h<SH4ETH! NOVA Keseyrh xTéc&nod%@_
- ﬁ@_A:KdeuK 02 290 - 706 Thans Lnagq  TiPEDIves.
Tom LricoGes  4o%. 263 FHHE P‘fxzs Bomenics e
FBm«. /\Awaonl bt L S4éZ UL&LmT( ﬁnuaq_q ,ch e

Blinn)  forrsBevnt 43 450 904 Ags et ar=ry Czu’Lﬂél) ..—u.;\ ConS e Dok 7



b Jession

VILTART  Lunck 23 1sspsvoo  TRAPIL
TAcCQUIOT Frompass v 3 TRAPLL.

Aoh TRECANGo (780D Hbd-947  GULE AzASTREAM sm

_ Jake ArEs doa 5170441 Pepelin Consul ling luc.
__,@gﬁ Machonald__ 403 z;éb ezt wﬁfou; ffffi | —7

e m i o
t Ll
h— -
————— —— . S 3 \owd
s 2 e L ™
ST e &3 - } R Bl TS -




e

.‘ —_ P Session.

T T MMMCC SIS/ CET WD Y
- @—@7 k_ ” é;a(’fﬁﬂfﬁf CohR o815 /G <

- e e g —_\

Cﬂ/_ o Dﬁj O\{:J W_\_g___ Mo CL1S cua QC&&V\:L\J e
/__ =Y <= R E‘/’M/f}"f$ 'mﬁsao WO M aua ™
L ED /‘/A N RE Coospac
_S_‘co‘rf;@u D SeTT = CH'E' VZoS) @A-u/-)—od( 2
J?-‘:’Z,/ gouf: /. /[/_l/ﬁ /?‘E.Z\
Wt”f”‘j Chen LDyersity o f__f1]headn

g L _ 7. (A A,

Do) m%ﬁ__ e CORRPRO__CAWADA
DRI Kol L

] %\Ibmd&‘;mglbﬁl‘\ \_Humi’é_&;@wu& Pratineery.

/ZKQ Ufbé__ i Han e /"7 T Donneil Eﬁfglgvgs_‘éft} -
Pk el B oz o B SV

WAreE~n LEgaE fwﬁat‘bqe (Sf‘rq l-:_.\
M;KHZC. '5?5 Neete U ¢~ T ngr g’,ﬂ = ¢

f~> ‘t\k N\ V\/{J/‘Lf}g — 1 ‘I' C Lv't{*( 61 N :,LV, l{;"j’ (.-'\/‘;_/./‘
LA T /?4//7/ Kl

ens Qom\;o.o _upe.\-mc,

~ PETEC MaRRECK. L RAINBoW PRE UNE conPAa-Y (o,
é £Ho. b/F!—Uﬂ’?ERL o L FEDERATED _ PIPE  LIDES 4 7d.

B B Fu %&TE-@\J\V\_-Q(JOQV\ :
o~ Clive Whord

Tom Jack NV A M
BLEN NV Mtc ZuTosH DENSe MokTH _AmericA iuc, 1
Z’a/,m ,/,_o({rrw 274 TRAN s pisd e ve=s i

‘——-}-—o-w '(j) RiﬁJDCJ"ﬁZ_ P‘/Vf(' /’c P e A mm ™ om



m wg, Eress

- _)_M.CL I(Q.HJSO--— /nc

4 f?&w o e TS b o

_>axe ten /L/L//
:Dsn e:u:e.]l
O Sk
Z-\ﬂf‘nﬂ- Ca//—ctn»_ _
%ruce,ﬂesﬂerd@»

/%na.mﬁé'/éou/@m o
Sémk AR A Pﬂrﬂ«?w Nﬁ]d’ﬁw)

V\
A ﬁx@éc L
CBob Lessard,

A dal LOQQ,‘L_
me GQrzITY, .,

it __L;fé he

e Ao .

por
. _ fa: -

S, /4 LT ECH. ,,C;m Se 7oAl & LTD ———

'ﬂ Moo, &-n-nnuCls_

@v tesleom_Co e

/A PM m/@ec%eﬂ Service s

%a'r'r cLs

AT Ejrlloe

: ,,&9%’&57—/0 Ve s —

| ;@%//L

W o
—— -— ——
< g e SRR MU T 7
+

CIvmer) o7rded -

Kouw Pioeunzs @wam G’rtéfhb:f
UEsTrossT Lwgesd  Zaoe

. (/\) 2Ll AMND

AT .

Tflkn%(]xmm ?i@zuf\a..\_. e
cc TECHNOLOGIES CAuﬁm, LTD.

_,MV\,WG‘#_ PTHL e 4#H R Y AU Y —

1.PE




“

T
~k.C7 EXT R /o3
. — éfﬂ" sf/ o /\J
o Nema AFE S
{T; g/ﬂ%ﬁft gnémdqe p/pef nesS Tac
Jane Dowson P T. I . o
. _:944/ _,/_4:__&.5-_4,_ ‘ _______Zﬁe—_i&/%f/w £ % . o
/x\tﬂ'@l\l . KSC_*C.,,M_K EN&RIDGE: CousunERs QAS o
Crrwr FlerH Ciawteo  CAro A, Tome |
4,%&/  Soraramtl oﬁ’@’fﬁo £ ANAO/Q _IMC, )
- S\vgw _ Mormsen  Scoontrbe Fac, _
ﬁ,,\.y"’fjﬁ (ainersify of Alberita
NitTasy {}JL;LK TRARIL R
| ACGUINT  Eronges _TRApz. j
N THRESHiko GulF Mzrasv:aﬁm sc—”/f/zﬂ
W s kﬂuxb _.____é.ptam_gxﬁg_‘;«\@g_-}y \e g
YL HYAN [ mEERe O
Bob Sionno S K7D QulT Iy ge«e\/(ceg
__ Mex Bock | Cornen PpalintCn .
Q&Lx(’-ﬂ-{' (r;_)_,o._at c . Nove Chewm ice [ <
_&cﬁgﬂg Kmﬁr&/ _LYSCO Tuc.
- Norer TRusese Besas
M//(c_ ?5:—:2_@ 7 /WS QQE/WA/ P,ﬂ(. L AE

EZQJ':? e #SZMO"%( ﬁh < C & A 4./@ /?f e 4/4-? o~
[ = — o VN (v

Rl Y e ét&./_'c,‘s‘__ ) :%L&ﬁﬂzr /&'Sé‘mf-r CHeaCry.
- i<eg Mool ,, Mohi0 0}) (ade .
A . Demsz _CANWMET Deuw |

QRO LEYRRC . ,A_,TQ{-.'L A @fe,__ (e

o pwc- U\tc—'rmn_\oe«S A~ Piosr 1o <




%U?AJ/?AD_‘ |

. C‘\‘Q\L- b*\f%\fowcfb

P e 0.

\ RAN &CN\;A‘\)PT A D L &aqg

— _G KorGsk C)/fc'wa/c—;’onf

/0 TV A /4_’2’4/#2-’

VL e

] Tlo\@wc S in

'TE LYYE _A\<seciates

 Sreve  CeerEE m -

s /M 8 0a ‘b_Zﬂa;-_\@.—??_TB&ﬂff—“%J <€

CTANSFEC.  (CRo™ T,

M. ’kC Ca-w\oron

" TransGas [JH

Bog, .4 Bep

/”msao T 7

ﬁudnc /46[5(:

@?o_(_u*é’ Vs

- Cimngrron Ty /A")‘Z’—CW‘A‘U L.
C Q—’ TOC hDLD/OQI ey

% So— /4 /—5

ﬁgm;cf(- VzEj‘#

Vlo Mo 147 TR0 L

/M&Mﬁa)»t _ /»1 TR Tewn At

Gy Herviews

/;7%0 ?D/Pﬁ"//ffz < 5




92 2B uRasguosfiq SELD-C66 £LO 456266 €19 NO eMEO Kiojeioqe ABojouyoe) SBLSIEN | JWNYD uosh] WM
va'sf ueaiup uaysh SELB-T66 €20 L9EL-966 £19 NO emelp  Alojwsoqe) ABojouyael sieMeiel 1SNV uays nmono
srafiuesiugeinalm  GELB-766 E19 £041-265 €19 NO eselny  Aoeieqet ABojouyoe) sleuelRl 1IHNYD einey uoIsLIM neyz-09
B2’ UBIU B UIARdRdS SELE-T66 €19 £09E-LV6 €19 NO BMENQ Aojeioqe ABojouyae] s|eueIeW L INNYD weseunsdey wBjues
eoob-usaiugplnogew  ge/g-766 £19 LL6E-566 €19 NO "emENQ  Alojesoqe] ABojouyae | s|eeieN LINNYD wiepinog3 unow iy
leuuospueRid@mpisal]  08Z)-ZaY 0BL 00¥0-vEY 081 av uouowpz "pi7 sesiidietu By-uep mseTy piwuos
woredediiye  09£8-122 COP LL1B-1ET €OV av AieBleg {vd3D) "vossy eujjed|d ABuieu3 ueipeus) IHH qed Jsys-0y
sa'ddespuoss L9ZE 992 €O ZELL 492 EOV av ApBle) s180npolg tinsjouled jo UONLI0ESY UBIDEURY noog ue| PILITE T
eueue|denie|@sipuelq  ELZE-LT9 £OV 95PL-£79 OV av HeU) 1ayould vonelodio) ABiau3 gg velpeusy) 1ibaiueg Ipusig
wrquleuzogeeiwsedidwes 91g)-pozT £OF SS88-ELT EOF av AseBjen Augdwo) edid esosue) syauN wyp
0690-6./9 08 SHE-TLH 082 sv 880JUED Ausdwoy) edig esciwes s|upbajy X8|y
Woa'00BMOUGHBYINE]  9/p(-OET EOY SEES-BES EOF av KieBjeg 883lMeg uo|RedsU) suljedid rg puepeying ner
WoIPOIBIRUBIGUPSYP  Op8-9ET EOP 0ESL-LES EOF av Aebiey s8dlaleg Usjioedeu; sulledid PE Jeupey aavg lepoing
WOX|oR@NRIZIy  MYS6-EEL L8 OLPL-EEL LB T uojsueA *ou| Bunnsuo) ¥esng 1ejssey pucwiwy
A oa'yaeiBqPpiemela LEGZ 605L PP LI0  ZEEEBT 6OSL bY L10 W enysieseyme ABojouyae) nHg paem aM|D
Anoa'yoeiliqpny g 10683 6051 bk LI0  CEZEBZ 6051 b 110 AN eaysisiseye ABicjouyaay vg n4 wa 4a
A0 Y208 G SIOUBI  MOIPUR LEGZ 60SL PE LI0  6LIZBT 60SL bP LLO AN eslysiejseyoie) ABojouyaey ©ig sjouBly Melpuy
AN 03"y iBq HUIMPIBq W LESZ GOSL FF 400  SSPZHZ 6OSL bF LEO HN esysiBisayaeT ABojouyoe] BA uimpieg wig
wooseBag@leieniy 901791 Y09 ¥001-9.5 109 o8 Keung P17 ANitin se9 0@ Jejsndp LisoN
worsebaq@uoluige 0S88-CYY OS ZHES-EVY 109 og deAnozuep P17 Auinn sen 08 uoyrg YD
woo'saBoq@eeueq)  5/v9-cbp pOS TL69-EvY P09 o8 teosuep P Alihn s 08 sauleg pesy
woesseBaqaneind)  5012-82G 09 $002-9.25 ¥09 od Aesing “auj Ayjin sen o8 nejegd aueley
woosseBaqpuoosB  §L0£-0¢ v CEOL-DLS ¥OD od Aesng Auinn seo oA nosg ua|n
woyseBogpuosiepuemq  Z168-£92 05T 2L4¥-898 052 oa Bumoley Aninn sen 08 uosiapuy Ausg
wouseBoq@sauteq)  9Lp9-ChY bO9 TLPS-EbY ro9 o8 10ANOIUBA sen 0F seug pesd
Bics|lsNeq@oiesou  SZLE-HIF PIS LBLE-VZF P19 HO snquinjoy elleyvg yiose|isaN eonig
wodyasleuleseqy A ZLiL-€2r 08L LVIL-£2K 0BL av uojuowpl “au] seiBjouyoe) euyjeseq prempy wey
B INUXNHAISH ARD LL¥2-0ZY 082 ELP5-02t 087 ay uojuopy sauljedid 0oy XN@|AIOH Anp
' Inug Aeigy uoyeg LLvL-0ZF 0BL SayL-0ZF 08 av uojuousp3y seuljadid ooy LUTES) ueyeq
leujausidenie|®(0338  1Y16-0ST EOP Lb06-0ST £O¥ ay KeBley "PIY SIUBNNSUOY UOIBOII0 PRBIDOSSY wneqs)oH ueng ‘M
wueueideniegeyorde 15op-£9V 0BL 8VZZ-E9¥ 08L av uojuowp3 813anpoud euyedig eyoudy q98NSH ueq
wogsnejanuPsLejuE  L1Z9-ZET EOF TEZO"LTT COV av AiaBilen "OU| UOIBOUI0Y SIUY someg e NBY2-03 - EOM
wod'coowe ijemod TpIRUOP  GGLI-EEZ-COV LECO-EET-L0r av AieBjesy wne|olied EpEUED 0ACUIY ilemod uoQ
woosuijedid-sousijepbeyues  ppYL-95Z £OV LiP9-LiS £Ob av AeBiey euljedid BouR)|ly  HeABpIRH UBA soyy
wooreuljadid-soum|e HUOBLNI] YOSL-G9T £OF €0E9-LLS £OF av LieBjey outjedid eaue)|y uospe) 8U10}
srquampieibepuy  2ivs-05y 082 15vS-05¥ 082 av uouowp3 112UnoY Yawese eyeqly Amig spury
vo°qurAc gneew g pgAzb L69Z-L6Z €OV ZEVO-L6Z EO¥ av AieBle) pieog sepnnn ¥ ABssu3 epsqry Az ‘deneq
eaquaolgnaimu@ysol) OpSZ-ZYS COF 2eLS-ZPS 08, av  Aejiep uorleig pawog sennun 3 ABeu3 epaqry sl ejueg
‘w0 qe acB-qnepeubuBeppiaep  0ZSE-L62 COF 00Z¢-262 €OV av AieBjey pieog senyn 7 ABieuz wpegy 967 nyg toguodg
‘woquaoB-gnegeububeppiep  0Z5E-262 €OV 00ZE-L6T £OF av AseBian PiEog s ¥ ABseu3 sueqly subroeq PlaeQ) HaYz-03 - aF DM
IBuisuB|denie|pvecs gZop-STY 08L 0E01-0Z 081 av uojuowpl $80N080Y JO JOqUIBYD Beq)y elung uog NEY2-03
WOONWNWBNEN)  BEFI-S9T L06 6509-592 L06 NY eBesoyouy weloig Bu edojg yuoy misay ey Auey
SITT-6bY riZZ-6bY £OP av  ed poomseys ylug poosusys - esuledid D3y uosuRIoS slieyoy
92°208 §89piHUYoNLIYd SITZ-6bY EZPY-LLY EOF av g poosusyg Heg poomays - sevijedid D3y SRy liyd
82" 086 HEI0|IEMY | 9580-169 €OV 6.188-169 £OV av AseBjen AiwBje) - sewediy 3V si0UEM NHY
wodjoepbueossqe E599-L1Y OBL ¥999-C1¥ 08L av uouowp3 ‘ouy sBuneod sav dapunay °N
WOrWIWB LMY £9.9-ZSF 615 0SBZXO0ST-LSY 615 NO uopucy Auedwo) eprusg] we na R Wt
UVYH-3 Xvd INCHd Jlvis ALID NOILVHOJHO Inwnuns| INYN NOLLONIA,
#'AOld

8661 ‘61 - Z1L nidy

dOHSHHOM INITIdId 66/44NVE

WHUUSHIN MaN ay} 10 sapBojouyoey - Ajabaruy auyadig buibeusy

‘wdge.0k
66-14Y -7}




=~

wnjuualiiy man ay3 Joj satbojouyoay - Ajabeiup sugpadig BuiBeuey

dOHSHHOM 3NITIdId 66/4INVE

woa'Yaa|ed]}@ Haculpe 056F Z6S £19 0£82 265 €19 NO LIS penwiy Alojouyaaj jas)dy dazyAcu|g uoJey
B |XEBBUNP  SLOL-ZET OV 001 L-ZEZ COY av AieBlen "PI seuljadig peieiapay uswni4 19 opiy
eX[xe@R||9q  SL0L-TEE COP 001L-ZET €OF av AieBlen ‘pi] seuljadig pajesapay ileg plowy
1SU'pUB|S!||BW &Ny L9%1-2SL 052 29vi-262 OST 08 yoeeg weanenp ‘au| Bupjnsuc) jesBin|eiey uesuaisuyd "Wy uesu9)sUY) Nukag
WOX'UCis|ApRI P ibe S811-P6Z €0b 9LS0-Z6Z SOV av feBjen ‘P¥] Se0]Aleg uolauLLolH) WBisug Anley uesLy
woxeBpuquetduapnossuallg  yezg-02y 082 08£S5-0ZF 082 ay uoopg “ou| seusjediy eBpuqul noag usiig inepoddey - SOM
wodeBplque|dus piejw- uesns YEZS-02¥ 084 2810-02F 0BL av uojuowp3 "ou| seujjediq eBpuquy A9) 1IN uREng 4eY3-0 - LOM
woa eBpuque’|dud gotlewr-ueni YEZ5-0ZY 0BL £250-0%b 081 av uoucwpy -au| seujjedid #Bplqul vilen uenp inapcddey - zom
wodreBpuquardus puipnb-uee|yiey  95v8-0ZF 08L SEL8-0ZY 0BL av uojuowpy "au| seujledig eBpuquy U] uee|yey
wogefpuque’jdus g Aewolis'sjie) pETS-02Zb 082 1EP8-02¢ 084 av uojuowp3y *au| seuijedid eBpugus Asuioyn 8|18 ]
wodeBpuquer|dua g|loueae|q vEzs-02Zy 081 LE15-02ZF 082 ay uojuowp3 “au| seusedig eBplquy jioue] d|eig AEYa] - TOM
woo ebpuquerjduagensyqipe PEZS-0ZV 082 BEPB-0ZF 08L av ucjuowpy "auj seuledig efplqua ey my JIEY2-00 - 9 DM
wooeliplquejduopivewnbie-seBos GRES-0ZY 087 LZSB8-0ZF 064 av uoowpsy ‘au) seuledid eBpuquy ewnBay 19Boy
ooeBpuqueidua pieBBeplem ucriem 1ZTL-969 90€ PSTL-9%9 SOE NS uBABIS] au) (yses) seuledid eBpluquy 1eBBapjegy [TEIP]-TTY
wooebpuqueduagoopelumypeses  pSeE-163 COP I£6E-LET £OF av AieBjay ‘au] jeuojiewelu) efipuquy copubuey pooug
8¢BY-1EZ CO¥ BEGS-LET EOF ay AwBjeg “auj [euoyBwiel) eBprqul onss) 2NSLYD
00 eBpuque-afio pnjorwoRsuIRUURO| LIRSG-S6F OLY Z169-CSL 9Ly NO yBnoioqieag gey suewnsuoy eBpuquay 1jeRW OB euuaop
WO UCIBIAPED BHEU MWEUAD 9298-Lv9 EOF BESH-L¥S EOF av AisBjen "ou| ‘swelsis uswasesay Yely dwWeuig ueny uueny d8y2-03 - ¥ DM
woaebpuque-aBapyuajsmy uojue 9P LL-D6Y 9L¥ 0ELL-96b 9Ly NO yBnosoqueog "au| eeuled)d #fplqul Hiuopey uouy
exquracBgphusiedp LL9E-ESP 905 991 2-E5P B80S €N uojaepal4 ABieu3 g seain0sey [viney jo 1deg pnuEdied Pleuog
Wo2'BUOSUSP B YEOJUHEILG 00€5-6b 082 090b-6¢F 0BL ay Wivd POOMIBYS "DU] URIUSUIY YUON osuB] ysojujoen TTTS)
QU'REOHNSHEq  pOBS-LOP OLF 1992-LbL 9Lb NO e302)q013 (LECHUTUTTR o) sIeg uey nglyx3
wewuoejpur|d @ Loidrioa er9L-LFP 084 SOSP-Ltl 0BL av uojuowpy “guf BpRUED 01d110) neopns| sjueq
euuod jaue|d @ Loidiiod ch9L-LbP 08L S95¥-2t 0BZ oy uojuowpy auf gpeues oiduos fowwog Aoy
2970401100 @ioLINRW UOL tP9L-LvY 087 S9SP-I¥y 081 av “ojuowp3 *gu| BpeuB?) osdiion FUINGLT ucy
SLZE-L¥Y 08L S9Sy-LvP 0BL av uojuolwpy ‘ou| speue) oiduod el uo(]
wuuoepue|dg | oiduos CP9L-2¥F 062 SOSP-L¥F 082 av uojuowp3 ou| wpeue) cuduo uaAo|n LT
RueueidsnieiaBiyuy  SLZE-2vb 0AL S95H-Lvb 0BL av uojuowpy ‘au| epeue 04duo) Yuig ey
e2'|dwy wpe pyBeit L065-6¥Y 082 6165-6v¥ OBL av uojuowpl euljedig s0puio) IH Beiy Anapodduy - LOM
1Wo2 0edioU0I HREMOP UB) 01L09-8¥Z £OF 80£6-v0Z €OV av AieB|en saifiojouyae) |euewuciALg HpIRg JOUOD uesMmog umy NBYI-09 - ¥ DM
WoI'0I0UCI BN HHING'S MWL 0YS-GST SO0 P1L95-55Z 0¥ in sBi 030U0D ¥ang ney
WO UCIBIAPRISAIR||RMY  BSY0-68Z EOF 89¥0-69Z COF av Aiebien uoliriodio Bupresu)fiul yoo aaB|jepm piemoH
woa'Bueyos genuepreysnog £685-852 £OF 9981-952Z¢E OF av KiebBjen uojjpsodioy BuuesuiBus yoo layanog SRMeg
WO UOIAYIBNOS  IPES-FEZ OV 6¥0S-PEZT COF av AimBijey SO2UN0SAY BPRUED UCIABYD weydjjo noog
WoIuOIASYS B0l SZPS-PEL £OY By Aefijen SQ2IN0SEH BPRUBD UCIABYD MO||BjpoOY) LU
00LE-0SY 08L 00£€-05F 08L av uojuowpy "ou| se|Bojouyse| HIL-D sueydels yey 11BY2-00 - YPOM
wodyaeye o @xRINgnIs 6868-05Y 08 av uopuowpl “au| se|fojouyss) YD Aengny uocieys uonidyzsuel |
Giopampsseuaynypw €£€8-526 FOT LLZ8-526 POT NW Badiuugy, 889 BIUBD ssaueynel sopy
worsqe| papfosuyol £€91-19L P19 pizZl-loel #19 HO uqnQ ‘ou} ‘selioeioqe seiiojouysel 9o ucsuyop wnygopr
woa'sqeIRo@INNsE]  LEDL-L9L KIS PLZL-19L F19 HO ulqQng “auj ‘seyioleroqe] selBojouyss) 50 exsep He
wooequ o pliesseq €EIL-19L P19 PLZL-19L #I9 HO unqng ‘ou} ‘seqiojeioqu] seifiojouysey D3 sJaamag ¥ uyop
woouoIsIApEIpUOsUCIq] 6RIL-POT EOF 2028-812 £OF av LieBje SOLIENPU| MBYS JO UOIBIAIP B 'BSNURD uogug wip
Wo3-9eds UL SRRyl 1911-06% 084 TEXZ-06¥ 08L av uojuouwipg "au| dnosy sedeues ey pel
woasedsuespiedooss 9ZYZ-06b DOL HrvZ-06p 092 av uojiowpy ‘ou| tdnosr) sedsue] isdoo) B8ARS
v'abuesupee 9.98-186 0BZ 1098-186 08L av uoae(] aljua) youeesay uleisep | JWNVO 208 moyoeqe)y
wo'ab usosupeniusm S£.8-266 £19 P062-266 €19 NO BMENOD Aiojeioqe ABojouyoa) seuee JAWNYD Buayz anAuem
85" 9B'uB3IU B NXX SEL8-266 CL9 0961-266 EL9 NO [Ty Aojeioqe ABojouyda) s|RLIBN L TWNYD nx ns
AT X4 INOHd VLS AliD) NOILYHOJHOD) FHWNUNS ELT NOLLONNA
FAOdd
wdgy.ol
6661 ‘GL - g1 Hdy o6 v+




weoo AjuBennaw gieaveds cimw Yove-ISZ cOF aLZ.-B5Z £OF av hueBjay ‘P eweBeuey AnBaju o wauedg el
WoaIapEWGUELLSIq  CZ6L-LIV Z06 LOLS-SZ¥ 206 SN XejlfeH pry oelie ueuue.g PHAQ
s3'epeqennis giebuejag 950€-89% 082 0E0S-89t 092 av yojuouwpg BuueswBug seiecossy pus Bimpny 1aBuzjeg Aoy
WO XU 0Y @ Xowoy LLaP-LbT EOF 00Z0-LtZ SOF av AieBpeg P17 {PUCHELIGIU| XOWIC) wdey plaeq
wodxewoy Aebjes guosieed| L18Y-LbT COF 00Z0-LYZ EOV av fiefjag P [RUCHRUIBIL| XGWOY uosieped uyop
TLIE-EEZ O¥ ZOLS-CEL BBA NO #joa)qoi3 *U} |BUOJIBUIBIU] JEOIBLGY LLY(] ejeq
woruesemeun@yiuuta  9OLE-$9Z £OF 002£-592 EOF av AeBleg 'P11 Buiys)|gng uessap sunp HHHA BAB|IH
upuedenei@zupely  BELL-LYS S0P 9L L-LVS EOF av Aieije) 'py] BupesuBuz vp e 8|47
woo'sejmsosse-uew gl £Z11-957 £0F CEZZ-8ST £Ob 1 KeBjen P17 (epeued) sele(a0ssY JIBW 3P Loy wip
WO 801RII0BBE- LB S UOBUAP £ZL1-BST £OF CEZZ-95Z EOb av AmBjay ‘pr] (epRuUBD) S81812088Y JIBW AT uosuep ueeq
woo'seIN|2088w-LBwW uieyBujuund EZL1-852 £OF ££22-852 €OF av AeBjes ‘pi (epuues) soeoossy ey "3 weyburuuny Aeawi)
wozuolslapeagennquil  0809-LET €OP 02%0-0£Z £OF av AieBjey ‘p1 (vpeus)) seivio0ssy JRKW 3T eyng wip
woa'oosd|pAsjumoi vZPLi-PZE SOE 6021-026 90 s wubey ‘au| oaad} Asjumo] uBYEN
wooooedigieBnny ¥BS.L-PT6 SOL Sbb1-¥26 90¢ NS suibey ‘au} 028d]| leBnay pieyalYy
wog awoy gAjuBeju-pejwiBeju) 808B-LLZ €OV av AieBien -au| AyBatu) pejwiBeyuyy sindngy eanig 11942073 - SOM
wipyy nYyeq meN Auedwiog 0 ueipyy yeied R
¥lpyj Iyeq meN Auedwio yo uepy qeq HWd W
wpuj yeg meN Aurdwio) o umpy |esuag W
L6FS-669 08L €185-669 081 av susfuucg $83IN0SeY (10 [Buedu) uvky C 1hiseg
S6LY-LET £OF LLTT-LET EOF av dieBleg senosey |10 [eLeduy I{SMejUZOM Mmeupuy
BLEE-LET-E0F £622-LE2-E0F av fieBle) soanosey {10 |epedw) daemuy ug|
GLEC-LET-EOF 0Lye-LET-COV av AwBley se%neseY 110 jeuady ned sufep
WO UOISIAPRIBWIHZSNY  ZL60-6EZ £OF Z160-6€Z £OF av LieBjen 'Y selepaossy jzsny nzEny (LT
woojlo-Aysnygieueis'Apnd  01¥9-86Z SO¥ 8.¥9-86Z £OF av AiuBieo ‘P suongsedQ 1o AysnH luleg Apny
woo|jo-8ny g uesisiu Auwsse| €959-1.18 60T £559-148 90¢ nS Josujpho) "PI suonesedp 10 Axsny uas|aIN Aweasar
woo'jje-Ansny gy e qeq  OLySE6Z-EOF 810/-86%-50F av Anbjugy P17 suolieredQ 10 AysnH NewR1H G508
wossdwypeyw  Z99t-6HE 0BL 08Fi-6EF 0BL NO o[lIApaBX I ‘U] 86201415 BuUladid HBULOGAIWY 8jUNY qqem Ryl
worsduy@enweys  pZL6-75€ 08L vaes-0r6 08L ay eqe) weng "au| 83NAIBS euljadid |IBULCIN Jeluny ieuucqan snuieys
Woa'qsy@yieiey v 09Z5-ZZ4 098 Z00S-2ZL 09% 19 piojuey dnoup gsH yisaeH 1Ry
exynBpojuaueiel pol  9F0S-L9P 0BL ZLIG-¥OF 0BL av uojuowpy S93tAIES WEBNIPIN JIND ojususjeu] (pod) W
Qr05-L9Y 0BL LLLG-bBY OBL av uojliowpy *pi7 seulledid seunosey epeus) yny P sajBnog
vanBguosuyof uaq ZI55-CET EOV 21TE-EET COF av Aiubug PeYLT $e21n080Y BPEUED jIND ucsuyop {(veg) TV
woediduenB giyemoxezsews| L029-09Z £O¥ T029-09Z EO% av AieBjeg "PY1 seHisnpuy od)dusesy IISMONEZ unp
1019-082 EOF 20.9-09Z CO¥ av AieBjeo "Il selsenpu) ediduesis vowey srlg
1019-09Z £O¥ ¥119-092Z coy av AreBjeg "py] selenpuj edidusals) Buy sueRn
WO UO{S|APRIH UOIGUINIW L0L9-09Z €OV BP19-08T €O av AwBiey ‘p¥1 salenpuj edidusssy uosewey uo|n
worsnepnupHb 19VE-YET SOV 0p16-0=-L8 £O¥ av AeBien P11 Buninsuo) erep) jeeln uosuey 1oy Aimy
woaueploBpuyby  9099-662 £O¥ SL9¥-86Z £OP av AuBieg £816]00%8Y J8pjon) UIHLD usug snepoddey - gy
wod'suosqiigue)nuuow)  £97Z-880 082 8226-869 081 av Kisipauy peiiun Auedwo) wnejosied suosqig usjinoN wiy
wodsucsqiBpiesamIp  £52Z-868 08L 172a-088 -08L av fisiypiey paiwt] Auedwo) wnejosied BUoBqIY) iwBoIny piasQ
soobusoiugynuoyl  gobZ-266 €19 T961-266 €19 NO EMRNO epeue) jo Asamng [E3iBojosn ynuoy wiyeq|
8B UNIN B UOIBBed 0650-Z65 £19 LSt2-266 €19 NO eMBNO epeusy) Jo lesmns pxnbojoan uojnbBy g
woouoisiapud pwiloN2eB  £plS-29Z EOV 6225-292 £OV ay feBjen wawebsusy oyasy uebigny uRep  anepoddey - QreVE
woduoismpeapBionael  gpi5-29Z cov vZZS-29Z €OV av KieBleg lusuiebeuey oxyoen uosqly Auey Heyzo3 - ar OM
STEE-66E-ELL TLAB-66E-ELL |l oBeayy B}NHIBY) YIIBVEBY BEY) 8lMme] yey HEYa-0 - GOM
wodedids|nyioojdyueneldy  SILp-PET COV or¥Y-¥6Z EOF av AieBje saury edid sjyieod yueN 1Ay
SL1b-b6Z £OV av AisBjen sau|] edid siliyicoy uasqoauep uaydels inapoddey - sHM
V-3 Xy INOHd J1vis ALLY NOILYHOJHOD INVYNHNS INYN NOILLONMS
FAOYd

wnjuusyiy meN oy 10 sajiojouysay - Ayabau auypadld Bujbeuep
dOHSHHOM INIMIdId 66/44INYE

2

6661 ‘61 - 21 fHdy

wd gpol

B6-1ty 1

i

ol




1

9ZYE-SIZ £OF BLEQ-L9T LOb av AiBlen 18815 |elluepnig uew.ey usule)
BYZZ-9£T EOF LOVY-622 £OV av AieBjen |e21S {eniuapnLg xnuy ep Baup
eoenjoncid gsonasis] SS20-b6C EOF S86.-292 £OF av Aiefijen “auy ‘|euoneuiei satBojouyaa) eanIeOLg BOADNIS wip
ap'xuonadid@dmy EZL ZET bo 2L 60 2192 ZET vbel 6v Aueuuen assueins HAW xiuodiedig SWelllm ueqny
woo xuosedid @osjeznu 1954-85L S06 655.-BEL 506 NO pioouon Hquwip xivosiedid ampazn qeN
woruoismpeogelirond 0505992 £OF 0998-99Z £OF av AieBjen HYwy xjuouedid ounueucs oosesuely
epxsosjedid @RW | ZEL bPTL 60 LLO  LLE ZEL YFTL 6P L1O By AeBjegy Hewy xjuosedig uaisny Agiowyy
W oD uoIsIAPRI @ paLuesd LO9Z-08% COV LO9Z-0ET €0F av KieBijes ‘auj uonmpawey eunadid uvesselyj urney jeLIoIN ]
woa'esn-{id pqenijia OpL0-186 €L 00ES-6b0 €12 ¥l uojsnol [euoneweny AyBegut sunad:g sndpIp qog
wosean-d pdyiein wodsjorp yleiad 8S0S-668 P19 HO uiqnQg Jeuoneulejy] AuBeju euyadg WIRIA ‘H §aumd
woa'wpsued-udppuisucs  £696-LEE EOP 1p¥1-29T £OF By Awblen leucyjeueju) AjuBeju sugjedid Aysuoy ikeq
woanidgsd|jyd-wuew  LoLE 2¢2 LEL b L9EE L¥Z 161 Py QunyuoN uoiBuywery leucieuseiu; KBejuy euedid sdijiiyd utpey
weo usn-udaysew b 9pL0-2E6 €14 00£9-6¥8 €L XL UOIENOH {euslivuieiu] Aubeu) euljedig SBULY yiey
woayn-dyuosmepeun] 19¥E 1T 161 bY 6TYE LYT L) b quinyuoN uolujueiy jeucnvwieiy] LuBaiy sunedig uosmeq suep
exgpeurd-olled @iy GI6E-HER EOV SPEe-8€8 £OP NS {lejaing 8B § HO BpRUB]-0lId IH Bnog eHon]
wodeuljoned J ylAwsy 99vE-5596 084 10¥2-596 0BL av nysIN euq olied Yiwg Heqey
SLLL-GEE EOF OETL-ECE €OV av B|IIH Uem3 YmoiBusy ynjAueg ue
wooeuiquedguieyall  Zaiz-Zvg08.  91S8X LPES-ZPS 0BL 8y Kejjep uopieig euliedid suiquiag uciBulueyy sfioen
9199829 cov 1199-892 CO¥ ay AieBeg wnejolled uvipeuriueg uosiaddoy ane( ABY-073 - BF DM
e e0.p @B £985-169 09 21585-169 ¥09 of A9ANOJIUNA 88D WeYHON 21paeg Bieagy uyop
saab usaiupneliigy  9v19-566 £19 0ELC-266 €19 NO WMEHO (103095 ABiauz UedHN) d ¥ W ABieu3 jo saiyo LT leoN
WOO'UolaIAPRIBGeIMS}  JAE0-LSZ-EOV {BE0-152-50P av KweBpeg Bupnnsuo) JuewaBeuey avif-nN ljmoy eanig
wosweyaesou glsroquea LZ90-0SZ £OV 1090-05Z £0P av RoBlen 2ue ABojouloa) YoILOBaH BAON uaAog uep Basn
Woo'WeyaIrACU S N IR| ££60-052 COV SS54¥-05T £OP 1 KBl snue) ABojouyoe) YIBLESIH BAON Bury 198014
WO W8 YIBAOU S oe| £E00-05Z COF LS.¥-05Z £OF av AeBjen asuag ABojouyse ) yaeesel BAON yoep woj
WOIUBYIVACU BHIVPBIP| £€90-0SZ £OP 004 ¥ 052 €OV ay AeBiey 2)ue) ABOjotyse | YoIBEEOY BAON  UOIMUB)-RPSY) aulley ey
Wwod'wayoesouprqepem 1658-71E £OV €2¥L-PLE EOF av Joe(] pey B|BANWBY]) BAON apey Heqoy
WO QRIS MIOU P BHINYI 6182052 COF PZOL-16Z cO¥ av AeBien 8(87 ISBMION @|oABS 88384
WOYSYRIITIMIOU DIIBISIIYI 1202-162 COF TTOT-16Z EOV av AieBjey 8487 }semIoN stedey Bi6LIYD
woa'uo|sjAlpeapBupuwinag  §19Z-05Z £OF PZOL-16T €OV av AieBen €q8] 1S8MION Bupuingy ueug
WO BIeMJosAIN|USIMeU p quos ovZL- 12T 016 000E-122 046 ay AseBlen "9l ‘slemyos Ainjuen meN ysrug uoy
SE48-266 £19 80Z6-S66 £19 NO BMEHO EPRUEY E2INCBRY JRIMEBN efieg Aoy
esofiqeuglepnyd 8922-66C EOF 00BY-Z6T EOF av AeBjug preog ABieu] juuoneN 1opnay Ined
0822-66Z €O LLLT-B6T EOF av AieBjeg pueeg ABseus jeuonen uqsaN ueug
v alqeugeugeju £055-26Z SO 98/ Z-66T COF av feBjey mieog ABseu3 jeuoyeN ouqe] RURY-RHEN
ook geug-uesusl) E05S-26% £0F 1112-68¢ €OV av Aubjan praog ABseu3 [euoney uesusp o] HBY2-03
soofqeupoyw 5785262 COF T9LT-66T EOF av AreBjeyy pieog ABieu3 jeuoneN o4 quin
warafirgeupoysiepueyl £055-Z62-L0F B41Z-66Z-COF av AseBlen puog ABreus jeuoney joysiepush uyor
woob-qeujneeseB)  08.2-662 COF 9842662 EOV av AeBje) pipog ABteu3 [euonuN newes yuedy
eoob-qeepmepB  0L1e-662 Cov 21942-v62 £OF av AieBjeg pigog ABieuz |suonep meg uopon
WO WSIIBUOBIIOW BIBB  BZEE-FIZ COF 0948-29C £OF av AeBjzo el uostoy ondeys leg
WO I11IUGIISLOBLUIOLL BIO) B8ZBE-Y9Z EOV 0918-292 €OF ay AmBien APUBIIG UOBSLIIOK UOSLIOYN woy
wod aguesuosiioupind  BZeE-P9Z EOF 0918-252 £0P av Aebed A weldg uosLLOK supuelseq ing
WO Lo euiap pleuopasw m Bey B£21-092 €OV 1T8L-092 £OF av Aiefije) BPBURD IO HYOW Pleuogovy Bey
AoBsww B ylws M ueqol SSS1-1B2-E0L 08S1-282-¢0¢ YA ucpuiay eaiaiag (ueweBeusy sipisuly g Heqoy
ea'ge-uolpuyogbuom-ueys $OPE-ZST €OF 2122952 EOF ay Aebje) pr) wewseBeuey AjubBejuy D Buom, Aejuwn)s
V2'GRTUOHEWII 18|80 UBA B L9¥E-LSL €OF Q0ZL-85T €OF By AieBjen pi7 wewebeusy AabBajuy o 1s[ey usA Avnapny
AT | xvd| aNOHd|  aLvis T NOLLYHOJHOD ANVYNENS ELTL NGILONNA
£AOHd
wdgpior
6661 ‘§L-Z1 J4dy 8-sdy-#4

winjuudil may eyy 1o} sayBojouyaay - Ajbaus aujjadiq Bubeuey
dOHSMHOM INIIAdId 66/4INVE




WO BPEUNISURNB(BBI-INE  (Z0S-LG. 90F 0£Z4-9ES 90E NS wu|Bey soujjadiy epeureuns) e8] Ang
erouedidghqueyineqoq  g2LL-192 £OF Z126-19 cOv av Aigfijey seujlediy BpRUEDSUNL Aqieying qog9
WoJ BpRuRISURN B AeUYeS-SUo0L 6Z01-29T EOb ¢SE9-29% £OF ay AieBey souljadid BpEUB)SURL] Asuyesg Buaay
soeAouedidpimueyn|jelos  £1/9-062 £OF 6902-06% £0F av LBy sauljadid BPEUB)BUEIL Anjueym 1103 ineuoddey - 1M
OSER-8V6 EOV 61718-8t6 £OF av LLN] seujfediq BpBURDSURI | moyerq PlARQ
WO RPRUEISURI S ANSURD|D UIASY 6Z01-19Z EOF ¢LED-L9T COb 1) KeBleg soujjedid epeusgsual) Ajsua|n ujaey 1184300 - JF DM
B2'QUOUHIUGUOAINY  ZRLS-ELZ COF VELP-E1T €Ot ay AseBiey WHe ISP SpEUR)BURI) usUO MRy 4D
wodidajgypomyse eululd  5ZZ9-19Z EOV 16£9-492 £0F av faubie) WueJIspiy BpRUBOBUR| YHomysy eue|g
wodjuEAcugInodyyow  0609-062 LOV 0BZS-192 £0F av KB lauoHBUIR] BpRUEDSUNL) anoduyoy o
wozrwbixporbgoeasiB  gegR-viE ¥i§ ¥098-v16 ¥LS a0 teasjuoy ouljediy sewnURK § 28qenp suel] 2491267 uolsEn
S499-02L S0O6 LZZX ESEE-0LL S06 NO IIH puowyay ‘au) seujjed|d LieyHON suBl] Bumppy uileg
woydwiioABeeNs  E00S-6EL POY 29€5-6EL #09 o8 19ANCIURA “PI1 "00 Buf ed)d Weunoy suely peep L]
e jdungauey L085-6bY 08L ELES-6FF 08 v jieg peomieys ‘PYY 00 e edig URiunog suvl) peay uey
e’ |dwy1an @iBasb €00S-6€L ¥09 ¥ZES-6L OO o8 i8AnOIURA “PI "00 aur] edld UiiUNoj susl) o) Basg
so'jdungyploudes LO65-6FY 0B 0E65-60% 0BL gy Aed poomseys "PAT "0 euf] edid uimiunop sues) JeBuiy ploukay H1BY2-03 - LOM
ﬂu._n_E—.._u_:QoutlE £005-6EL-00 Z9Z5 64009 a8 19ANOIUB A eur] On__n_ UIBjunol sueL] waniy New
w2 jdwjiwey g yeasp L00F-LLE OS2 OEOb-L2E 052 o8 sdoojuiey our] adiq upRIuRGH suelg Jedawy Plaeg
e pdwywey pypeqos LOOP-LLE 05T LIOF-LLE 05T o8 sdoojuiey eu| adid uBUnOp BuBl] ueppey qou
Wor|mupIppYel §RR6-£9T TOV £981-29Z £0¥ av LBy "PI slueynsucy AB1su3 uessewoy) usssawoy) |soN
wue|qeooBopyooall  po6H-SEE SO6 8L86-LFS S06 NO uoiiuyung dnoay yoog eyj yooy ' suroy)
woa ABisue-uewseym guydeysq  060L-LET EOF €S61-LET COF av AiBley ABieu3 uewselje) aydeyg qe8
WoYIooUNE GIBN|BME  (S05-062 COV SLLS-ZET £OF av AweBjes dnoag spues 1o ABisug sooung teem uojuy
EOU.:O_Q_btuo@Un:OVDIE HS.6-122 EOF B8HEG-L 22 £OY av _a..cm_#D Wiagjsepy wod|ny ujieae] NS PIEUOPIBY @:OQ dojayae4
WS WRME @ PIWNGBUL  FLO B850 252 OGE LSE 850 2SZ 06€ Aoy ouB|IN W'd'S WYNS newds oped
Wwe'weus geuoisyd-oulualeA  ££LLS 02520 68 STELS 02520 6€ Ay ouety V'd'S WYNS suoisid oufjue|up
Wine'weuslpawonsni yLOG SOT SZ0 6 2868 £0Z 520 6 Ay oue|ly V'd'S KVNS e oy viey
exeucialys pbuomd 9Bye-91Z tOF S8FE-SLT EOF av AweBjen BuuasuBu] euoising Buom Inag Neys-03 - LOM
BXYOUE SIS |OIEN  TH99-PEZ COF 0559-FET CO¥ av fieBjey PalwI BpBUE] jlBYS uezs toauy Aey2-02 - Grom
av AieBjeg PRI BPBUEY jBYS Heqnyog Aoy ansyoddey - ¢HMm
ex)jeyepuoiequysl  2999-p9Z £OV 9159-¥8Z €OV av Aiebiuy peijun] Bpeue) j18ys uotegy uyor 18Y3-02 - LM
oU'CIBPAYHUOSWR|IMAPURE  6ZpL-COZ EOF 8229812 €OV av Aanfijey uolIRoag sdid meyg HOBWBHIIM Apueg
oura:apesq g ybuisiered Z0.8-5E2 £OV SLPP-61Z £OF av AsBley uonaejoig edig meys yBuig J0jeg
WO YN ESEN. B I8 gemm BLECE-Z9P 08 19¥P-69F 082 ayv uoewpl wonwaedio] saiBojouyoe] eseny Jeqem Aejsem
BEST-OFY 082 0099-0v¥ 08 av uoowp3 ‘au| ‘seaines Aitend Al suowwIg qo8
woorAujenbpp gy payl  gESZ-0Fy 08L HL9E-89% 08 av uojuowp] ‘au| ‘saalneg Alenp QLY eluey paeyaiy
WO UOISIAPED HUBIUSSOI ZHTL-¥OZ TOV LELL-69Z £OV av AwBey uotpedsu| sued|g NISOU HnyoBwiels Koy
WOI'BSNUBBOI HUMOIGY  G908-T¥F 19T 0820526 192 X uojsnoy uopredsu) swedid NISOH uMoIg ealug
Wo920RPETELIBINS!  LpEO-BES VLY LPEO-9ES ¥L9 HO shquinjo) ueYNBYGY Jegl] ‘[ Weqoy 1aq13 ‘r weqoy
woaraedioucaPOIYeq UEMBIS b EZ 1OL PP k10 EEZO B22 191 by 110 1ME WeD layseyouny eymIsU| yaeeselt Jewabeury ysiy eanlg qod
ZEEV-092 COF FIEL-09Z £OF av LBl seutedid moquiey Nosuey sajed
Ba'nsusenbssiyd pueus) £9¥9-EE5 €LY PEFS-EES £19 NO uoysBury (dnoi soneuBey peyddy) Ayrsieasun e,usenp weyde|) wisuk
oo safewiceBeixAd gBupuelyuivy  6LyZ-£9Z £OP 0¥¥L-£9% EOV av AieBley “Pr) sanewosn sixAg Bujweygy uruey
wod eaiewcebsid iebperipiuio) GL¥L-€£92Z EOP 8b¥L-€92 EOV av fuediey ‘P s9NBWORY BIXAd Jelpevg woy
Bio'wopddpisiuns  0y50-099 LoV 4182099 €0V av Aebje) uojjej2088Y [3POK BIEQ WNR|0Ied JN|gnd s|uny Apnay
Bio'weyddpeviinesq 0¥50-099 €Ob L18Z-099 £OF ay AeBjen UOlBIZ0EEY |pojy R WNejodlad Agnd psmsfinessng noog jeuon]
vo'epeueg-oned @mniog 0¥S0-098 EOV L18Z-099 EOF av AieBley UOIIBI0EBY |BPOY VIEQ WINBJONR MIqNy mphog inyuy [BuoIng
9€60- 192 E0Y 0ZE£0-292 £0F av AsefiRy 19845 jeiiuapnig Amjdiy Bnoq
MNYH-3 Xv3 ANOHd EIL A% ALD NOLLYHOJHOD| ANYNENS IANVN NOILINNH
rAOYHd
wrd k0
6661 ‘1 - ZL l4dy eo-sdv-s
Winjuudiig maN ayp 104 sajborouyaa ] - Ajpibajuy sujtadlg Buibeuey
; dOHSMHOM INIT3dId 66/44INVE

.

! t



B2 GABM-MBYS B A BUSjBTII Y06L-¥LZ £OF v06.-.2 £OV av AieBjeny Ansusjez ‘P eayoIN
Wb wyp
slojuey ta
¢ M P BIMB[ LB IM 69€0-218 506 ¢izZe-el8 506 NO umojebioan 2| GANISNPU) LOSWEI|IA SR WA
BONMBISISRI0) @ E06L-0VF 082 1£99-0FF 08 av uojuowp3 "2U] BBLIBRPU] UOBILBY|IM lej8104 v
£00¥-582 0ST L649-582 052 bot: | uyor i Hed uswebeuryy sely sadood uoy
0Z0L-S0L £0F 0102-50L EOF av LBy uewefoueiy sely e yney
EPBL-VLL 0ST 0092-¥.L 05T 08 uoseN o4 . “ouj ABreu3 jsucolsep nem uslEQ
6Z5E-29Z 0S2 OBYE-TST 062 o8 uyor )5 o4 ‘ouj ABieuy jseoaisem 1sinbiepog lejlepm
62SE-29Z 052 LISE-Z9Z 052 | uyor ‘1§ Ho4 -ouj ABlau] 1swonsom nepus uoQ
200Z-096 05E 0002-096 052 o8 eBaceg eoung -auj ABieu3 jseca)sep vebieg 887
TOOT-006 052 000%-096 052 o8 abicen souny +au) ABieu3 jseoisem psmeley uslig
¥OLY-8BL 052 9LL¥-89L 052 o8 puhmeys -auj AB1au] jseo0iseM seBuizieny Yiipaioy
Bio'om pessobs 1055-169 09 4205-169 ¥09 8 JOANGOURA ‘ouj ABieu3 jsvonsep @s80n) ueydals
Bio')empioleyaleqe 200Z-096 052 ZZ0Z-096 052 fo':] eBaceny esupd ‘au) ABseuq jseonsam Jofeyaeg ‘I o3
Biojemp Aue|aawe 0LPE-29¢C 052 £9pE-29Z 052 o8 uyopr 1§ He4 -auj ABisu3 1BRONBIN, ApB|ooN [\E]
Bio1em@ uoemB)g 1895-619 pOS 2995~ 169 ¥09 o8 JRANOUNA -au) ABigu3 189001500, uogme eanig J18Y3-02) - SOM,
Bs0'jempuyanyg : 08S5-69¢ $09 o8 edoy ‘ouj ABieuy jgeoasem, eyeny g
Biolem@iunye) S055-169 09 0995-169 v09 28 18ANOOURA ‘au) ABleu3] jse0nBOM uny Auey
Biolemg|iequ 0855-698-908 0555-698-09 o8 edoy -auj ABiauz jse0aisap, [T: ] ey
$0.Y-8BL 0SE viiy-08L 052 o8 puiAmioyn ABreu3 1se0disap Bbeg pa
BEEB-SEL S06 NO pueem edig pue|lem piessa) qeg
o' Aiefijeon paozsen SSEC-9ET SOF avy LieBjesy KieBjes jo Alsienun AOTiS JUPEA
WO IBWIOY BHA YSRINS 2950-802 £O¥ ay KiwBjey KieBles jo Austeaun Awemsepuey ysosng  nepoddey - vy OM
wrhmbBongnbq  gors-zeT cov TLIY-OTT COF av Awmfijey AanBieg jo Aussenun no suig
BIBUBGEN IMDSWMP  6¥Z0-Z6F OBL LIVS-T6F 0BL av uopcwp3 BunesuiBiug 110 - Bueqyy jo Ansieaun Asunp pireQg
eoepeqengonyBul  gez-zer o8 TETT-T6Y 0BL av uouoiIp] epeqiy jo Ausieaun HBuyp on
BUgIen |12 SUIPUCIBAG 6420-26F 0L ¥6.2-26V 08L av ucjuowupy BunseuiBu3 ||A15 - wpeqly Jo Ansieaun) ulpuciy Heqpyn
eoepeqengweyabuiziem  Lgez-Zeb 08L L9BZ-T6F 08L av ucjuoiup3 BupesuiBug y1a1) - epeqyy jo Ausseaun usyy Busziopm
wooseBuoung|emuseird  SO0P-BSE 618 #09v 9¢p 615 NO weywey) paywi seD uolun llamusay ineg
wos seBuojungotesBd  S5Op-9¢v 61 00LE-Z5E 615 NO weyeygy paywi sBY ol LELTh) ined
vS15-146 060 T6L5-7L6 606 v sumuog "au) 028190 Asjo4 wip
6006-19% 0BL 0006-29% 091 av ugjuupgy U] BpRUED OIE19] sonodoysumn sUYD
6006-L9F 081 vZTX 0006-49¥ 082 av ugjuowpy D] BPEUED 0DBII (L] swjfinog
wovedossogmipiepodd GLEB-008 ELL B0SS66L ELL Xi uoisnoy sedjaleg aujjedid 0919 A adossoqny tapog Haued |®ya0an |
wooed QM jueded S0PS-G6L E1L £EVS-664 ELL XL uosnoy s6djAieg euljedid 0210 edoasogn ssnjuadey uRjels
wozedossoqngeucal LOES-9L2 EOF 00£S-9.¢ £EOF av AieBjen sedjaieg eujjedid 000 adossogn) euo) wip
wWoredodsoqnl @ yIvwLIeop LOES-9LZ EOF 00£S-8.2 EOF av Aiwijey 680|nieg euljedig cajap adoosoqn) LEL L L] piaeg
woa s @clen UBIA 08 9L SSZECLL0 2@ €8 GLSS L EE L10  edumsq suud jpdosg HEJIA Haued
wodaaesndwosgpden jomboe| 0g 9L SSZEC 110 06 ZB 9L 55 L €€ LI0  @duwsy sieg hdusy 8jooueid jonbaep
Bo'obqs)peejel-ALe]  9287-0% 618 6E91-C96 618 o0 ([GH] pivog Aiejeg uoieyodeuns) S0jED  'H 8oUBIMET]
wone ABioueyses phewsoysl  £256-12Z (s0t) 0558526 {80€) ns uoO)NsRg P segsuRL) Asuioygy sapnp
8BOL-5Z5 908 92096-LLL 90€ S sulbey 8898URIY weynn *I10
2TZ9-06Z EOF 018-062 cov av AsBle) seuljedid Epeur]suBLy BUBIOOL Ny
wo'wAouedid pweybujyuom peqos ¥999-06Z COF 0982-06T €OV av AeBed seuljadly epEURsURI) weyBunjpiom Heqoy NeYI-0) - LOM
edeaouedd puosiem peiq B66Z-v6T €OF P£08-062 £0F av AiwBen seuljadig BpeuBsueL) uosiBp peig
T E | xvd INOHd Lvis ALID) NOILYHOJHOD FNVNHNS ET T NOILLONNS
FAOHd
wdgpol
6661 ‘GL -zt fdy ea-dv-vi

wimuualliN man ayl 1o sajbojouyaay - Ayibauy suyadid BuiBeuey
dOHSYHOM INIT3dId 66/44INVE




Issues

1 need for a “cooperative” industry approach to
public involvement

1 greater respect for people’s time

I more lead time required - resident’s
understanding of the “system”

I residents wanting larger set backs from pipelines

I residents wanting larger emergency response
planning zones

| residents demanding better compensation for
disturbance (neighbours too)

1 community relations audits as important as
environmental audits

§ bad attitudes P
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Presented by:
David DeGagne, EUB
Terry Gibson, Gecko Management

ew our experience related to public
vement and consultation related to
undre-Caroline area

ground to the Caroline Interrogatory
ess

uss the current situation



e Terry

munity/Industry o Emergency planning -
hnical Committee drilling 1986-1991

Noise 1994-present « Community Affairs

oline Interrogatory Coordinator -
cess Coordinator construction and start-
6-1999 up 1991-1994

oline B Pool e Consuitant 1994-1999

isory 1998 - e Caroline B Pool

Advisory1998/9

d gas exploration from the 1950's
ore than 25 operating oil and gas companies
000 oil and gas wells, and related facilities
System - major transmission point

Caroline - Beaverhill Lake - deep, sour gas

g commenced 1985 (3 years after the
pole Blowout)



| Caroline Field - east of the Town of
re - stretches to the Village of

line

re - population - 2,000

line - population 400

farms and ranches; many cottages
amping areas

Public is nervous about sour gas
- Lodgepole blowout #1

- Lodgepole blowout #2

Major EUB Public Inquiry

ic continued to be worried about sour
and very distrustful of industry



t find in Alberta in 20 years

illion capital - 15 producing wells - reservoir
ng 50 square miles (over 30 wells drilled to define
Id)

r compressor stations (50,000 hp)
lant

ur Forming and load-out facility
construction jobs

erating jobs

billion cash flow over 20 years

1985 - first contact of community
mber 1987 - first public meetings

ary 1988 - Caroline Gas Field
sory Board established

-1989 - Community Offices
lished

y/Shell competition to develop the



989 - Sundre Parade
- May 1990 - ERCB Hearing

er 1990 - construction commencement
1992 - construction work force peaks at

Oct. 1992 - Community Offices closed
mber 1992 - February 1993 - start up

| Opportunities
ty (e.g. emergency planning)

ic Health (emissions)

r - pollution - volumes used

oad

ry of mistrust; lack of openness
t



s from service rig - small release of sour gas -
t 1987

the neighbourhood - they were angry

meeting - company told them "you were not at
here really was not a problem!”

mpany didn't listen!
mpany was close minded

mpany didn't admit it when they didn't know the
rs

mpany didn't apologize

ve empathy and sensitivity

prepared to deal with anger and
rust - and do not take things
onally

ok for solutions jointly with
holders - e.g. work together on ERP



Expectations
munity Consultation Program

| Opportunities

s and Traffic

mation and Education Vehicles

munity Advisory Board
rgency Planning Committee
o-Economic

ronmental Monitoring and Studies
, Water and Soils



spaper articles
letters
s .

ic Consultation Committees

kly e-mail - Shell and key
eholders

blished in 1992
I, Amoco, Mobil
ally a low profile

ally focused on emergency response
ommunity information



)r issue

idual coordinators - Shell, Dilcon,
otech-Lavalin

tory

racts broken into smaller pieces
mation/educational meetings

ns and contractors

itored progress

ificant impact on the community
ctively monitored roads
truction traffic schedules

ng for workers

2s used to transport workers to
dre and Caroline at night



jor outside company was hired to supply
-mix concrete

DNS LEARNED:
e team must be supportive
ing the talk"

your receive approvals, you are
ntable

istake erodes support - admit your
kes - and you can recover!

ry potentially detected in the Caroline gas

ceived health risk

brior to start-up - Company - nervous
ion to be open

ed employees

cted stakeholders

ompany had few answers

g eventually confirmed Mercury was not a
em



eholders appreciated openness
| credibility increased

hbourhood trust of Shell increased

ng early paid off
o face resident contacts most effective (but
sive)
gness to make changes - a key element of
PSS
lo not always need to have all of the answers
ommunity helped

first to understand and then to be
stood”

thy




istent messengers
unication - quality Vs. quantity

d types of public forums - know the

nce -

ocal media - a key audience

Il of the public will support the company

egy development and planning for
unication events

pkay to say no

of community affairs personnel went from 11
) to 1 (1994)

pany significantly reduced/stopped providing
ation to the community

rces related to community affairs dropped
cally (analogous to moving from dating to
age - lots of resources to keeping operating
ses low)

placency in the post-approval/post
ruction stage



ne .Ieak - January .1.594
start-up problems
ived étart-up problems and rumors
a Cattle Commission Report

application for expansion

Over sensitive to community needs

omplacency - under sensitive to community needs



1 SHELL-STARY-UP .
LODGEPOLE INQUIRY 1

0.8

0.6

0.4

LODGEPOLT

0.2
0

BHL B POOQL
PIPELINE
BREAK

EAGLE VALLLEY
INCIDENT

82 83 84 85 86 87 8889 90 91 92 93 94 95 96 97 98 99 10
0

Eerns raised by the community
@blic Health
mal Health (Cattle Commission Report)
issions

line in Public Trust & Credibility
Hearing (October 1996)

~hearing Meeting (June 1996)

imit scope, no human/animal health evidence
bromise to initiate separate process

plication Approved, Appeal Denied (deep anger)



d Technique Combining
nsensus Based Dispute Resolution,

lity Industry Pre-hearing Information Requests,
gotiated Settlements,

rised of 4 Stages

ge 1 - Process Review and Public Input

ge 2 - Identification and Clarification of Issues
ge 3 - Response by Industry & Government
ge 4 - Public Forum and Follow-up Action

n Credible Facilitator (Dr. George Kupfer)
ify Most Affected Parties

iew Affected Parties (issues , concerns &
pnal experiences)

ment in a Formal Report




gorize Issues & Concerns
Operator or Government Agency
Region

bvincially

irm & Validate with Community

ding Possible Approaches to Issue
blution

ard List to Shell, SPOG, CAPP, AEP

I, SPOG, AEP, & EUB Prepared
Ben Response to Identified Issues and
erns Including:

nowledgement of the issue

aisoning why the issue existed

ps taken to address issue in past

ure action to resolve issue appropriately

i Written Responses to CIP



al Presentation of Responses by
l. SPOG, AEP & EUB to the
munity and Answer Questions

blishment of SPOG as the Focal Point
ssue Resolution
deal with issues regionally

include Public members in Committees and
ision making processes

roducers in area strongly encouraged
tively participate.
ed Workshops on:

eloping working relationship with the
munity

municating effectively (7 Habits, Impact
sletter, Open House, BBQ)

ructured to accommodate public
cipation.



ted concerns for residents & EUB
1 for coordinated, consistent
toach by operators for new E & P.
sory sub-committee formed including
OG representative

munity members (responsible to
stituents)

L “B” Pool mineral holders
B (Head & Field Office Reps)

on: “A long term relationship
pd on mutual trust, honesty and
vect, by way of sharing pertinent
rmation & resolving issues to
fit all stakeholders.”



blishment of Community performance
sures and development expectations

ergency response planning
pmmunications/egress routes)

pact minimization (W/PL/ ProdFac/ProcPlt)
ission reduction (flaring/testing/producing)

erator Development Plan reflected contract
h the Public

bpt & involve the public early as a
imate partner (better solutions &
in).

en carefully to public concerns and
ond to them in an open, honest &
manner.




inuously evaluate your efforts an
improvements when needed.

collaboratively (eg. SPOG),
ators are often painted with the same
h.
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Northwest-Risk Management
£ m

Banff/99 Pipeline Workshop
Risk Management Presentation

= Lanirai
L m

s N thawes !
e TaNae G
e Traneca
2= FEr
W iliaints. ) Gms.
s Why Are We Developing a : Proiec
RM P el
+ Potential to use RM in Everyday * Address and Understand the Neéds of
« Miss-Match between Where We Are System
Spending Dollars and Where We Need to * Demonstrate RM is Superior to “One Size
Spend Dollars Fits AIl” regulation
= US DOT is offering a risk based approach * Increase Reliability and Safety of the
Lo regulations System
» Makes common sense * Make Regulation Work Through
Partnership
ok BWCEL: |
o' fins
Overall Description
Phased Approach
* Phase I - Development and Test RM Principles on
Overall Description Specific Segments ,
» Phase II - Implement Program System Wide 2000-
am 2002
Of the Progr + Implement Risk Program on all Williams Gas
Pipeline Systems.

Northwest Risk Management Program 1
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Phase 1 - Lessons Learned

« Existing risk control programs createt ex
starts

+ Company missing comprehensive approach .
focused on alternatives Realized Benefits

* RM is a culture change

= Initial fear of haviag a formal quantification of
risks available to outside sources

* Upper management support and understanding is
essential

Realized Regulatory Benefits Realized Regulatory Benefits

= Project in Western Washingion + Alternatives were tested in RA mod

» Regulations would have mandated 6 miles of activilies such as:
replacement and 3 miles of strength test to ~ Interna! inspection of 73 miles
maintain MAOP - Additional SCC testing

» Risk assessment model and process gave - Additional geologic hazard mitigation
background and documentation to demonstrate - Increased public awareness in populated areas
that this money spent on 9 miles was not - Installation of remotely operated valves
addressing our highest risks « Provided superior safety to the public

omaZe =y

Realized Regulatory Weighing the Alter

+ Completing alternative projects rather i
prescriptive projects provided approximately 3.5
Million additional dollars which we then able o
apply to other areas on the system

= Many operational benefits such as:

- Removai of liquids

— The ability 10 internaily inspect in future at low cost

- Increase knowiedge of segment for future
considerations

Compli N b,hwm

Northwest Risk Management Program 2



I. Sean Black N R &Y 6\’ 45(\
AV _/ 'CL}-[\:

|witianss Wilfams
=" o
Realized Operational Benefits
* 2 mile segment, CIS, Depolorization testing: * Comprebensive RA performed on
annual pipe 10 soil reads, and bellboling indicated » RA resuits
a corrasion problem — 2 mile area was high risk due to corrosion as well as
*+ Project was submitted to replace 2 miles of other areas outside of the 2 mile area.
pipeline ~ Within much larger C/S to /S segmeat numerous
geologic hazards exist
- Potential for Internal Corrosion exist
- Potential exist for liquids within segment
Realized Operational
* Risk assessment resulis and comparisong * Experience and Knowledge walks .o
alternative competing projects indicated the everyday.
internally inspecting the much larger area * RM focuses on capturing knowledge for future
addressed the highest risks to 80 miles of pipeline utilization.
* Project cost equal to the onginal plan 1o replace 2 + Formal RM gives decision makers better
miles of pipeline. information to make decisions
* RM helps to reduce subjectivity and emotional
decisions
Wiliants. (witsgen=
= Risk Management Program ="
* Get upper management support.
*+ Start out slow, don’t try to instituted formal RM
all at once. .
+ Determine what your risk profile before you go QUCSUOHS ?
after data.
* Communicate RM as nothing more than putting
COMIMON SENSE INtC A Process.
+ Involve field throughout the process.

Northwest Risk Management Program 3
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